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Fig.1. Tentative plan of the fight profile of a small-scale supersonic experimental vehicle㧚 
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Table 1. Design concept of the M2006 configuration. 
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Fig. 2. Overview of the M2006 configuration. 
 
Table 2. Dimensions of the M2006 configuration. 
 Wind tunnel test model Real configuration 
Scale 1/5.7 1/1 
Length [m] 0.55 3.12 
Wing Span [m] 0.28 1.61 
Wing Area [m2] 0.03 0.96 
MAC [m] 0.14 0.80 
Sweep-back Angle [deg.] 66, 61 
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Table 3. Dimensions of the all-moving horizontal tail. 
Area [m2] 0.26 
Moment arm [m] 1.20 
Volumetric coefficient 0.40 
Sweep-back angle [deg.] 50 
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Fig. 3. A typical curve of pitching moment coefficient vs. angle of attack. 
 
㪋㪅㩷 㘑ᵢ⹜㛎 
M2006㘑⹜ᮨဳߩ᳓ᐔየ⠢ߩขઃⷺࠍᄌ߃ߟߟ㧘㘑⹜ߦࠃߞߡㄫⷺߣࡇ࠶࠴ࡦࠣࡕ࡯ࡔࡦ࠻ଥ
ᢙߩ㑐ଥࠍ⸘᷹ߔࠆ㧚JAXA/ISASߩㆫ㖸ㅦ㘑ᵢ߅ࠃ߮⿥㖸ㅦ㘑ᵢࠍ૶↪ߔࠆ㧚ਔ㘑ᵢߪ็಴ߒᑼ
ߢ㧘ᵹ〝ᢿ㕙Ⓧߪ 600 mm×600 mm㧘ᦨᄢㅢ㘑ᤨ㑆ߪ⚂ 30⑽㧘ㅢ㘑น⢻ࡑ࠶ࡂᢙߪߘࠇߙࠇ 0.3
㨪1.3㧘1.5㨪4.0ߢ޽ࠆ㧚 
ᮨဳߦ૞↪ߔࠆⓨ᳇ജߩ᷹ቯߦߪ㧘౐ಽജౝⵝᄤ⒊ࠍ↪޿ࠆߣߣ߽ߦ㧘࿶ജᄌ឵ེߦࠃߞߡᐩ
㕙࿶ജࠍ᷹ቯߒߡᐩ㕙᛫ജ⵬ᱜࠍᣉߔ㧚ㅢ㘑᧦ઙߪ㧘ࡑ࠶ࡂᢙߪ 0.3㨪2.0㧘ㄫⷺߪ੝㖸ㅦၞߢ-10°
㨪10°㧘⿥㖸ㅦၞߢ-4°㨪4°㧘ᮮṖࠅⷺߪ-2°㨪2°ߢ޽ࠆ㧚᣹㒠⥽ߩ⥽ⷺߪ೨✼਄ะ߈ࠍᱜߣߒߡ 0°㧘
±5°㧘߅ࠃ߮±10°ߩ㧡ㅢࠅߢ޽ࠆ㧚 
 
 
- 4 - 
㪌㪅㩷 ⹜㛎⚿ᨐ䈫⠨ኤ 
㪌㪅㪈㩷 䊏䉾䉼䊮䉫䈱䊃䊥䊛䈫㕒቟ቯᕈ 
Fig. 4߅ࠃ߮ Fig. 5ߦ㧘ࡑ࠶ࡂᢙ 0.3߅ࠃ߮ 0.7ߩ႐วߩ㊀ᔃ߹ࠊࠅߩࡇ࠶࠴ࡦࠣࡕ࡯ࡔࡦ࠻ᦛ
✢ࠍ␜ߔ㧚㊀ᔃߪᐔဋⓨജ⠢ᒏߩ 30%૏⟎ߦ઒ቯߒߡ޿ࠆ㧚⥽ⷺ į=0°ߩ႐วߩᦛ✢ߩ௑߈ߪ⽶ߢ
޽ࠅ㧘ࡇ࠶࠴ࡦࠣߩ㕒቟ቯߪ଻ߚࠇߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚ࡑ࠶ࡂᢙ 0.3 ߩ႐ว㧘ฦ⥽ⷺߦߟ޿ߡ
ߩᦛ✢ߪ⋧੕ߦᐔⴕߢ޽ࠆ㧚⥽ⷺ▸࿐ࠍ±5°ߣߔࠆߣቯᏱ㘧ⴕน⢻ߥㄫⷺ▸࿐ߪ-6°㨪8°ߢ޽ࠆ㧚
߹ߚ⥽ⷺ▸࿐ࠍ±10°ߣߔࠆߣ㧘ᦛ✢ࠍ⵬ᄖߔࠆߎߣߦࠃࠅቯᏱ㘧ⴕน⢻ߥㄫⷺ▸࿐ߪ-15°㨪14°ߣ
੍᷹ߐࠇࠆ㧚 
ࡑ࠶ࡂᢙ 0.7ߩ႐วߪ㧘⥽ⷺ▸࿐ࠍ±5°ߣߔࠆߣ㧘ᦛ✢ࠍ⵬ᄖߔࠆߎߣߦࠃࠅቯᏱ㘧ⴕน⢻ߥㄫ
ⷺ▸࿐ߪ-7°㨪7°ߣ੍᷹ߐࠇࠆ㧚ߒ߆ߒ㧘⥽ⷺ-10°߅ࠃ߮ 10°ߢߪᦛ✢ߩ௑߈߇㕖Ᏹߦዊߐߊ㧘቟
ቯਛ┙ߦㄭ޿⁁ᘒߢ޽ࠆ㧚ࡑ࠶ࡂᢙ 0.7એ਄ߩㆫ㖸ㅦၞߦ߅޿ߡห᭽ߩ௑ะ߇⷗ࠄࠇࠆ㧚 
 







            
Angle of Attack [deg.]
Pi
tc
hi
ng
 M
om
en
t C
oe
ffi
ci
en
t  
  
delta = -10[deg.] 
delta =   -5[deg.] 
delta =    0 [deg.] 
delta =    5 [deg.] 
delta =   10[deg.] 
M2006  Mach0.3, CM(MAC30%)
 
Fig. 4. Pitching moment coefficient vs. angle of attack at Mach 0.3. 
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Fig. 5. Pitching moment coefficient vs. angle of attack at Mach 0.7. 
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ߡ޿ࠆ㧚ᤓᐕᐲ߹ߢߩ⎇ⓥ߆ࠄᒰ㕙ߩࡌ࡯ࠬ࡜ࠗࡦᒻ⁁ߣߒߡM2006ᒻ⁁ࠍㆬቯߒߚ㧚ߘߩࡇ࠶
࠴ࡦࠣߩ࠻࡝ࡓᕈ⢻߅ࠃ߮㕒቟ቯᕈࠍᛠី࡮ᬌ⸽ߔࠆߚ߼ߦ㧘㘑⹜ᮨဳߦ߅޿ߡ㧘᳓ᐔየ⠢ߩข
ઃⷺࠍ 0°㧘±5°㧘±10°ߩ 5 ㅢࠅߦᄌ߃㧘㘑⹜ߦࠃߞߡㄫⷺߣࡇ࠶࠴ࡦࠣࡕ࡯ࡔࡦ࠻ଥᢙߩ㑐ଥࠍ
⸘᷹ߒߚ㧚ߘߩ⚿ᨐ㧘M2006ᒻ⁁ߩ㘧ⴕታ㛎ᯏߪ㧘㔌⌕㒽߆ࠄ⿥㖸ㅦᎼ⥶߹ߢߩోㅦᐲ㗔ၞߦ߅
ߌࠆࡇ࠶࠴ࡦࠣ࠻࡝ࡓᕈ⢻߅ࠃ߮⦟ᅢߥ㔌⌕㒽ᕈ⢻ࠍ᦭ߔࠆߎߣ߇੍᷹ߐࠇߚ㧚ߥ߅㧘੝㖸ㅦၞ
ߦᲧߴߡㆫ㖸ㅦ࡮⿥㖸ㅦၞߢߪ㧘ࡇ࠶࠴ࡦࠣ㕒቟ቯᕈ߇⧯ᐓૐᷫߔࠆߎߣߣ㧘᳓ᐔየ⠢߇ᄬㅦߔ
ࠆ௑ะ߇ᝒ߃ࠄࠇߚ㧚೨⠪ߦߟ޿ߡߪ㊀ᔃ૏⟎ࠍ߽ߞߣ೨ᣇߦ⸳ቯߔࠆߎߣ߇ലᨐ⊛ߢ޽ࠅ㧘ᓟ
⠪ߦߟ޿ߡߪ᳓ᐔየ⠢ߩᓟㅌⷺࠍዊߐߊߒߚࠅ㧘ࡏ࡞࠹࠶ࠢࠬࠫࠚࡀ࡟࡯࠲㧘࠼࠶ࠣ࠷࡯ࠬ㧘╬
ߩᄬㅦᛥ೙╷ࠍ⻠ߓࠆߎߣ߇ലᨐ⊛ߣ⠨߃ࠄࠇࠆ㧚 
 
 
ෳ⠨ᢥ₂ 
(1) Ḵ┵ ৻⑲㧘߶߆㧘ޟFTB ߣߒߡߩዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߩ᭴ᗐߣ੝㖸ㅦ㘧ⴕታ⸽ޠ㧘ᐔᚑ 19
ᐕᐲቝቮャㅍࠪࡦࡐࠫ࠙ࡓ㧘⋧ᮨේ㧔2008ᐕ 1᦬ 28-29ᣣ㧕㧚 
(2) ⠀↰ ዏᄥ㧘߶߆㧘ޟዊဳ⿥㖸ㅦ㘧ⴕታ㛎ߩߚ߼ߩ᦭⠢ᯏ૕ߩⓨജ⸳⸘ߣ㘑⹜⚿ᨐޠ㧘ᐔᚑ 18
ᐕᐲቝቮャㅍࠪࡦࡐࠫ࠙ࡓ㧘⋧ᮨේ㧔2007ᐕ 1᦬ 18-19ᣣ㧕㧚 
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Fig. 6. Lift coefficient vs. elevator angle at Mach 0.3. 
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Fig. 7. Lift coefficient vs. elevator angle at Mach 0.7. 
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Fig. 8. Predicted lift of the experimental vehicle of the M2006 configuration. 
 

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㪡㪘㪯㪘 ቝቮ⑼ቇ⎇ⓥᧄㇱ䈱㜞ㅦ᳇ᵹ✚วታ㛎⸳஻䉕೑↪䈚䈢㘑ᵢ⹜㛎㩷䋭㩷ታᣉႎ๔㩷
㩷
Ꮏ⮮㩷៺⡍䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
╣ጊ㩷ኈ⾗䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
䂾㩷 㩷᪀↰㩷 ⠹᣿䋨⥶ⓨቝቮ䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
Ḵ┵㩷৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
ਣ㩷 㩷 ␭੺䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷 ඳ჻⎇ⓥຬ䋩㩷
᫜ᰴ㩷ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷ᢎ᝼䋩㩷
㩷
㩷
㪈㪅㩷 ⹜㛎䈱᭎ⷐ㩷
㪈㪅㪈㩷⹜㛎㗴⋡㩷
ޟዊဳήੱ⿥㖸ㅦᯏߩ᣹㒠⥽ߦࠃࠆ቟ቯᕈߣ⴫㕙☻ߐ߇ⓨജ․ᕈߦ෸߷ߔᓇ㗀ߦ㑐ߔࠆ⎇ⓥޠ 
 
㪈㪅㪉㩷⹜㛎䈱⋡⊛㩷
 ⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯㧔APReC㧕ߢߪ㧘࿖ౝ 4ᄢቇ㧔ቶ⯗Ꮏᬺᄢቇ㧘᧲੩ᄢቇ㧘਻
Ꮊᄢቇ㧘ᄢ㒋ᐭ┙ᄢቇ㧕ߦࠃࠆㅪ៤ߩਅ㧘ዊဳήੱ⿥㖸ㅦᯏߩ⎇ⓥ㐿⊒ࡊࡠࠫࠚࠢ࠻ࠍㅴ߼ߡ޿
ࠆ[1]㧚ᤓᐕᐲߦ⸳⸘ߒߚ M2006 ဳᯏ૕ߪផജ૛⵨ߩⷰὐߢߪ㧘⿥㖸ㅦ㘧ⴕ߇น⢻ߢ޽ࠆߣ੍᷹
ߐࠇߚ㧚ߘߎߢᧄᐕᐲߪ㧘ታ㓙ߩ㘧ⴕߩ㓙ߦ໧㗴ߣߥࠆ❑ߩ቟ቯᕈࠍ⏕⹺ߔࠆߎߣࠍ⋡⊛ߣߔࠆ㧚 
 ߹ߚ㧘ၮ⋚ᛛⴚߩ㘧ⴕታ⸽ࠍⴕ߁㓙ᯏེߩขࠅઃߌ߿ขࠅᛒ޿ࠍኈᤃߦߔࠆߚ߼㧘ᯏ૕⴫㕙ߦ
ᲑᏅ߿ಳಲߥߤ㧔એਅ,⴫㕙☻ߐ㧕ࠍ⸵ኈߖߑࠆࠍᓧߥ޿㧚ߘߎߢᧄ⎇ⓥߢߪ⴫㕙☻ߐߦࠃࠆዊဳ
ήੱ⿥㖸ㅦᯏߩⓨജ․ᕈߦਈ߃ࠆᓇ㗀ࠍ㘑ᵢ⹜㛎ߦࠃࠅ⹏ଔߔࠆ㧚 
 
㪈㪅㪊㩷⹜㛎ታᣉᦼ㑆㩷
 ᐔᚑ 19ᐕ 7᦬ 30ᣣ㧔᦬㧕㨪8᦬ 3ᣣ㧔㊄㧕 
ᐔᚑ 19ᐕ 8᦬ 6ᣣ 㧔᦬㧕㨪8᦬ 10ᣣ㧔㊄㧕 㧔ㅀߴ 10ᣣ㑆㧕㧚 
 
㪈㪅㪋㩷⹜㛎ᓥ੐⠪㩷
 ᧄ㘑ᵢ⹜㛎ߩᓥ੐⠪ࠍ⴫ 1ߦ㧘ቝቮ⑼ቇ⎇ⓥᧄㇱౝ౒ห⎇ⓥ⠪߅ࠃ߮㘑ᵢ⹜㛎⸳஻೑↪⵬૒⠪
ࠍ⴫ 2ߦ߹ߣ߼ࠆ㧚 
 
㪉㪅㩷 ⹜㛎⸳஻䊶⹜㛎ᯏེ╬㩷
㪉㪅㪈㩷⹜㛎ⵝ⟎㩷
ᧄ⹜㛎ߢߪ㧘ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ቝቮ⑼ቇ⎇ⓥᧄㇱ㧔JAXA/ISAS㧕ߩ㜞ㅦ᳇ᵹ✚วታ㛎⸳஻
[2]㧔࿑ 1㧕ౝߦ⸳⟎ߐࠇߡ޿ࠆㆫ㖸ㅦ㘑ᵢ⹜㛎ⵝ⟎㧔࿑ 2(a)㧕ߣ⿥㖸ㅦ㘑ᵢ⹜㛎ⵝ⟎㧔࿑ 2(b)㧕
ࠍ૶↪ߒߚ㧚ᒰ⸳஻ߩਥߥ઀᭽[3]ࠍ⴫ 3ߦ␜ߔ㧚ਔ㘑ᵢ⹜㛎ⵝ⟎ߪ౒ߦ㑆ᰳ็߈಴ߒᑼ㘑ᵢߢ޽
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⴫ 1 㘑ᵢ⹜㛎⠪৻ⷩ 
%% ᚲዻ ⡯ฬ㧛ቇᐕ ஻⠨ ᓥ੐ᦼ㑆
᫜ᰴਗ਼ᒄ ቶ⯗Ꮏᬺᄢቇ⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯ ࠮ࡦ࠲࡯㐳࡮ᢎ᝼ ⎇ⓥઍ⴫⠪
Ḵ┵৻⑲ ቶ⯗Ꮏᬺᄢቇᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ ಎᢎ᝼ ᦬ᣣ㧘᦬ᣣ㨪ᣣ
ਣޓ␭੺ ቶ⯗Ꮏᬺᄢቇ⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯ ⎇ⓥຬ ⹜㛎ᓥ੐⽿છ⠪ ᦬ᣣ㨪᦬ᣣ
Ꮏ⮮៺⡍ ቶ⯗Ꮏᬺᄢቇᄢቇ㒮Ꮏቇ⎇ⓥ⑼ᯏ᪾ࠪࠬ࠹ࡓᎿቇኾ᡹ ୃ჻⺖⒟ᐕ ᦬ᣣ㨪ᣣ
╣ጊኈ⾗ ቶ⯗Ꮏᬺᄢቇᄢቇ㒮Ꮏቇ⎇ⓥ⑼ᯏ᪾ࠪࠬ࠹ࡓᎿቇኾ᡹ ୃ჻⺖⒟ᐕ
᪀↰⠹᣿ ቶ⯗ᎿᬺᄢቇᎿቇㇱᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ Ꮏቇㇱᐕ ᦬ᣣ㨪᦬ᣣ  
 
⴫ 2 ቝቮ⑼ቇ⎇ⓥᧄㇱౝ౒ห⎇ⓥ⠪㧘߅ࠃ߮㘑ᵢ⹜㛎⸳஻೑↪⵬૒⠪ 
᳁ฬ ᚲዻ ⡯ฬ ஻⠨
ဝ੗િᐘ ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ቝቮ⑼ቇ⎇ⓥᧄㇱ ᛛቭ ᧄㇱౝ౒ห⎇ⓥ⠪
౉㐷᦮ሶ ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ቝቮ⑼ቇ⎇ⓥᧄㇱ ᛛቭ ⹜㛎⸳஻೑↪⵬૒
ᄢደ ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ቝቮ⑼ቇ⎇ⓥᧄㇱ ᛛቭ ⹜㛎⸳஻೑↪⵬૒
 
 
ࠅ㧘೨⠪ߩ⹜㛎ࡑ࠶ࡂᢙߪ 0.3㨪1.3ᓟ⠪ߩ⹜㛎ࡑ࠶ࡂᢙߪ 1.5㨪4.0ߢ޽ࠆ㧚޿ߕࠇ߽ᦨᄢㅢ㘑⸘
᷹ᤨ㑆ߪ 30⑽એ਄㧘᷹ቯቶߩኸᴺߪ 600 mm600 mm㧔⍱ᒻ㧕ߢ޽ࠆ㧚 
㩷
㪉㪅㪉㩷㘑ᵢ⹜㛎↪ᯏ૕ᮨဳ㩷
ᧄ㘑ᵢ⹜㛎ߩታᣉߦ޽ߚࠅ㧘ᤓᐕᐲ⹜㛎ࠍⴕߞߚM2006ဳ㘑ᵢ⹜㛎↪ᮨဳ㧔࿑ 3㧕ߦోนേ᳓
ᐔየ⠢ࠍ⸳⟎ߒߚ㧚᳓ᐔየ⠢ߣု⋥የ⠢ߪ೎ޘߦ⵾૞ߒ㧘޿߽ࡀࠫ㧘ធ⌕೷෸߮ࡄ࠹ߢု⋥የ⠢ 
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࿑ 3 M2006ဳᯏ૕ߩ㘑⹜ᮨဳ 
 
  
(a)⥽ⷺ 0deg. 
                                      
      
(b)⥽ⷺ-5deg.                (c)⥽ⷺ+5deg. 
     
(d)⥽ⷺ-10deg.                (e)⥽ⷺ+10deg.  
࿑ 4 ᣹㒠⥽ߩ⥽ⷺ⸳ቯ 
 
      
  㧔a㧕ࡀࠫߩ㗡ߦࠃࠆ⴫㕙ߩಳಲߩᮨᡆ   㧔b㧕ࠨࡦ࠼ࡍ࡯ࡄ࡯ߦࠃࠆ⴫㕙☻ߐߩᮨᡆ 
࿑ 5 ⴫㕙☻ߐ෸߮ಳಲߩ⸳⟎ 
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ߣ᳓ᐔየ⠢ࠍធวߔࠆ㧚৻૕ߣߥߞߚု⋥የ⠢෸߮᳓ᐔየ⠢ߪ⢵૕ߦࡆࠬᱛ߼ߔࠆ㧚⸳ቯߔࠆ⥽
ߩⷺᐲߪ㧘-10㧘-5㧘0㧘5㧘10deg.ߣߔࠆ㧔࿑ 4㧕㧚߹ߚ㧘⴫㕙☻ߐࠍᮨᡆߔࠆߚ߼ߦ㧘࿑ 5ߦ␜ߔ
ࠃ߁ߦਥ⠢ߩ਄㕙ߦࡀࠫߩ㗡(a)߿ࠨࡦ࠼ࡍ࡯ࡄ࡯(b)ࠍขࠅઃߌࠆ㧚 

㪊㪅㩷 ⹜㛎ᣇᴺ䈫⹜㛎㗄⋡㩷
ᧄ㘑ᵢ⹜㛎ߢߪ㧘᣹㒠⥽ࠍᄌൻߐߖߚߣ߈ߩM2006ဳᮨဳߦ૞↪ߔࠆⓨ᳇ജ㧘෸߮⴫㕙☻ߐࠍ
ขࠅઃߌߚߣ߈ߩⓨ᳇ജࠍ᷹ቯߒߚ㧚ⓨ᳇ജߩ᷹ቯߦߪǾ25 mmߩ 6ಽജౝⵝᄤ⒊㧔࿑ 6㧕ࠍ૶
↪ߒ㧘᣹㒠⥽ߩᕈ⢻ߦ㑐ߒߡߪ੝㖸ㅦߣㆫ㖸ㅦၞߩⓨ᳇ജ࠺࡯࠲ࠍ㊀ὐ⊛ߦขᓧߒߚ㧚߹ߚ㧘⴫
㕙☻ߐߦ㑐ߒߡߪ⿥㖸ㅦၞߩⓨ᳇ജ࠺࡯࠲ࠍ㊀ὐ⊛ߦขᓧߒߚ㧚᷹ቯ㗄⋡ߣߒߡߪ㧘ᯏ૕ᮨဳߦ
૞↪ߔࠆⓨ᳇ജ㧘᷹ቯቶߩⓨ᳇ߩ⁁ᘒ㊂㧔ో᷷㧘ో ࿶㧘㕒࿶㧕㧘ᯏ૕ᮨဳߩᆫ൓ 㧔ⷺㄫⷺ㧘࡛ ࡯ⷺ㧘
ࡃࡦࠢⷺ㧕㧔࿑ 7㧕㧘ᯏ૕ᮨဳߩࡌ࡯ࠬㇱ㧔࿑ 8㧕ߩ࿶ജ㧔4ὐ㧕ࠍ⸳ߌߚ㧚 
ᧄ㘑ᵢ⹜㛎ߦ߅ߌࠆㅢ㘑᧦ઙࠍ⴫ 5 ߦ␜ߔ㧚੝㖸ㅦၞߩㅢ㘑⹜㛎ߦ߅ߌࠆㄫⷺ▸࿐ߪ-10㨪10 
deg.⒟ᐲ㧘ㆫ㖸ㅦၞ㧛⿥㖸ㅦၞߩㅢ㘑⹜㛎ߦ߅ߌࠆㄫⷺ▸࿐ߪ-4㨪4 deg.⒟ᐲߣߒߚ㧚ᮮജ․ᕈ⹜
㛎ߦ߅ߌࠆ࡛࡯ⷺ▸࿐ߪ-2㨪2 deg.ߣߒߚ㧚߹ߚ㧘ో⹜㛎ࠍㅢߒߡࠪࡘ࡝࡯࡟ࡦᤋ௝ࠍ᠟ᓇߒߚ㧚 
ᧄ㘑ᵢ⹜㛎ߦ߅ߌࠆㅢ㘑⹜㛎ߩ࿁ᢙߣ૞ᬺ⸥㍳╬ࠍ⴫6ߦ㧘ߘߩㅢ㘑⹜㛎ߩ⹦⚦ࠍ⴫7ߦ␜ߔ㧚 
 
㪋㪅㩷 ⹜㛎⚿ᨐ㩷
ᯏ૕ߩ㊀ᔃࠍⓨജᐔဋ⠢ᒏߩ 30㧑૏⟎ߦ઒ቯߒߚ႐ว㧘㧹㧩0.3㧘0.5ߢߪㄫⷺ-6㨪8deg.㧘㧹㧩
0.7 ߢߪ㧘ㄫⷺ-5㨪6deg.㧘㧹㧩1.5 ߢߪㄫⷺ-3㨪1deg.ߢቯᏱ㘧ⴕߢ߈ࠆߎߣ߇ࠊ߆ߞߚ㧚ߐࠄߦ
M2006ᯏ૕ߩ㊀ᔃᓟᣇ㒢⇇ߪⓨജᐔဋ⠢ᒏߩ 50㧑૏⟎ߢ޽ࠆߎߣ߽⏕⹺ߒߚ㧚߹ߚ M㧩0.5એ਄
ߢߪ⥽ⷺࠍᄢ߈ߊߔࠆߣ᳓ᐔየ⠢߇ᄬㅦߔࠆߎߣ߇ಽ߆ߞߚ㧚߹ߚ❑ߩ㕒቟ቯࠍ଻ߞߚ⁁ᘒߢ㧘
㧹㧩0.16㨪0.24㧔⚂ 200km/h㨪300km/h㧕ߢ㔌⌕㒽㘧ⴕߢ߈ࠆߎߣ߇ಽ߆ߞߚ㧚⴫㕙☻ߐߦ㑐ߒߡ
ߪ㧘ࡀࠫߩ㗡߿ࠨࡦ࠼ࡍ࡯ࡄ࡯ߩᯏ૕⴫㕙☻ߐߦࠃࠆⓨജ․ᕈ߳ߩᓇ㗀ߪ㧘ᄤ⒊⒊㊂ߩ 1㧑ࠍ⸘
᷹ߩ⺋Ꮕߣߒߚߣ߈ߦ㧘ᱴߤߩᓇ㗀߇ߥ޿ߎߣ߇ಽ߆ߞߚ㧚 
 
⴫  ⹜㛎᧦ઙ
-10 -5 0 5 10
0.3 -10㨪10 -2㨪2 ٤ ٤ ٤ ٤ ٤ ٤ - ٤ - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
0.5 -10㨪10 -2㨪2 ٤ ٤ ٤ ٤ ٤ - - - - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
0.7 -4㨪4 -2㨪2 ٤ ٤ ٤ ٤ ٤ ٤ - ٤ ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
0.8 - - - - ٤ - - - - - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
0.9 -4㨪4 -2㨪2 ٤ ٤ ٤ ٤ ٤ - - - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
1.1 -4㨪4 -2㨪2 ٤ ٤ ٤ ٤ ٤ - - ٤ ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
1.3 -4㨪4 -2㨪2 ٤ ٤ ٤ ٤ ٤ - - - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
1.5 -4㨪4 -2㨪2 - ٤ ٤ ٤ - - - - - ٤ 1.5 3.9 ⿥㖸ㅦ㘑ᵢ
2.0 -4㨪4 -2㨪2 - ٤ ٤ ٤ - ٤ ٤ - - ٤ 1.5 3.9 ⿥㖸ㅦ㘑ᵢ
⹜㛎
Machᢙ
ㄫⷺ
deg.
࡛࡯ⷺ
deg.
ࠛࠫࠚࠢ࠲
࿶
atm
૶↪㘑ᵢ
᣹㒠⥽ⷺ
deg.
٤
⴫㕙ಳಲ ⴫㕙☻ߐ ࠛࡦࠫࡦ᛫ജ⹜㛎
Machᢙ
ㆫ⒖⹜㛎
ࠪࡘ࡝࡯࡟ࡦ
ᤋ௝
ో࿶
atm
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㩷
   
 
 
 
㪌㪅㩷 䉁䈫䉄㩷
JAXAቝቮ⑼ቇ⎇ⓥᧄㇱߩ㜞ㅦ᳇ᵹ✚วታ㛎⸳஻㧔ㆫ㖸ㅦ㘑ᵢ⹜㛎ⵝ⟎㧘⿥㖸ㅦ㘑ᵢ⹜㛎ⵝ⟎㧕
ࠍ೑↪ߒߡ㧘⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯߇⎇ⓥ㐿⊒ࠍㅴ߼ߡ޿ࠆM2006ဳᯏ૕ᒻ⁁ߦߟ޿
ߡ᣹㒠⥽ߦࠃࠆ❑ߩ㕒቟ቯᕈߦߟ޿ߡ⺞ߴߚ㧚੹࿁ߩ㘑ᵢ⹜㛎ߦࠃࠅM2006ᯏ૕ߩ❑ߩ㕒቟ቯࠍ
⏕߆߼ࠆߎߣ߇಴᧪ߚ㧚੹ᓟ㧘ᮮߩ㕒቟ቯ෸߮ᠲ❑ᕈ߽㘑ᵢ⹜㛎ߦࠃࠅ⏕߆߼ߎߩᯏ૕ߩၮᧄ⊛
ߥⓨജᕈ⢻ࠍ⺞ߴࠆ㧚ߘߒߡߎߩ⚿ᨐࠍరߦᯏ૕ߩⓨജ․ᕈߩ໧㗴ὐ࡮ᡷༀὐࠍᵞ޿಴ߒ㧘ౣ⸳
࿑ 6  6 ಽജౝⵝᄤ⒊㧧ᯏ૕
ᮨဳߩౝㇱߦ࿕ቯ㧚 
࿑ 7 ᯏ૕ᮨဳߦ૞↪ߔࠆ 6ಽജ㧔ౝⵝᄤ⒊ߦ૞↪ߔࠆゲജ㧕㧚
㪝㪯㩷㪔㩷㪯 ゲᣇะ䈮૞↪䈜䉎ゲജ
㪝㪰㩷㪔㩷㪰 ゲᣇะ䈮૞↪䈜䉎ゲജ
㪝㪱㩷㪔㩷㪱 ゲᣇะ䈮૞↪䈜䉎ゲജ
㪤㪯㩷㪔㩷㪯 ゲ䉁䉒䉍䈱䊝䊷䊜䊮䊃㩷
㪤㪰㩷㪔㩷㪰 ゲ䉁䉒䉍䈱䊝䊷䊜䊮䊃㩷
㪤㪱㩷㪔㩷㪱 ゲ䉁䉒䉍䈱䊝䊷䊜䊮䊃㩷
࿑ 8 ᯏ૕ᮨဳߩࡌ࡯ࠬ࿶ജ᷹ቯ૏⟎㧔ᓟᣇⷞὐ㧕㧚 
⴫ 5 㘑ᵢ⹜㛎ߦ߅ߌࠆ᷹ቯ㗄⋡㧚 
ⓨ᳇ജ䋨㪍 ಽജ䋩㩷
ゲജ 㪝㪯㩷㪃㩷㫂㪾㩷
ゲജ 㪝㪰㩷㪃㩷㫂㪾㩷
ゲജ 㪝㪱㩷㪃㩷㫂㪾㩷
䊝䊷䊜䊮䊃 㪤㪯㩷㪃㩷㫂㪾㫄㩷
䊝䊷䊜䊮䊃 㪤㪰㩷㪃㩷㫂㪾㫄㩷
䊝䊷䊜䊮䊃 㪤㪱㩷㪃㩷㫂㪾㫄㩷
ⓨ᳇䈱⁁ᘒ㊂㩷
᷹ቯቶ䈱ో᷷㩷 㪫㫋㩷㪃㩷㪢㩷
᷹ቯቶ䈱ో࿶㩷 㪧㫋㩷㪃㩷㫂㪧㪸㩷
᷹ቯቶ䈱㕒࿶㩷 㪧㫊㩷㪃㩷㫂㪧㪸㩷
ᮨဳ䈱ᆫ൓ⷺ㩷
ㄫⷺ㩷 D㩷㪃㩷㪻㪼㪾㪅㩷
䊣䊷ⷺ㩷 E㩷㪃㩷㪻㪼㪾㪅㩷
䊨䊷䊦ⷺ㩷 J㩷㪃㩷㪻㪼㪾㪅㩷
ᯏ૕ᮨဳ䈱䊔䊷䉴࿶ജ㩷
䊔䊷䉴࿶ജ 㪈㩷㪧㪹㪈㩷㪃㩷㫂㪧㪸㩷
䊔䊷䉴࿶ജ 㪉㩷㪧㪹㪉㩷㪃㩷㫂㪧㪸㩷
䊔䊷䉴࿶ജ 㪊㩷㪧㪹㪊㩷㪃㩷㫂㪧㪸㩷
䊔䊷䉴࿶ജ 㪋㩷㪧㪹㪋㩷㪃㩷㫂㪧㪸㩷
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⸘ߦ↢߆ߔ੍ቯߢ޽ࠆ㧚৻ᣇ⴫㕙☻ߐߦߟ޿ߡߪ㧘੹࿁⸳ቯߒߚࡀࠫߩ㗡߿ࠨࡦ࠼ࡍ࡯ࡄ࡯ߦ㑐
ߒߡߪᮨဳߩⓨജ․ᕈߦਈ߃ࠆᓇ㗀߇ᱴߤߥ޿ߎߣࠍ⏕⹺ߒߚ㧚੹ᓟߎߩ⹜㛎࠺࡯࠲ߪዊဳήੱ
⿥㖸ㅦᯏࠍㆇ↪ߔࠆ㓙㧘⴫㕙☻ߐߦࠃࠆᯏ૕ߩⓨജ․ᕈߩᓇ㗀ࠍ⷗Ⓧ߽ࠆ㓙ߩ㊀ⷐߥᜰ㊎ߣߥࠆ㧚
ട߃ߡ੹ᓟߩ㘑ᵢ⹜㛎ߦ߅޿ߡ߽૞ᬺ਄ߩ໧㗴ߦࠃࠆᮨဳߩ⴫㕙☻ߐ߇⹜㛎⚿ᨐߦ෸߷ߔᓇ㗀ࠍ
⷗Ⓧ߽ࠆ㓙ߩ⾆㊀ߥ࠺࡯࠲ߣߥࠆ㧚 
 
 
⴫ 6 ㅢ㘑⹜㛎ߩ࿁ᢙߣ૞ᬺ⸥㍳㧚 
⹜㛎ᣣ ㅢ㘑࿁ᢙ     
ਥߥ૞ᬺ ஻⠨ 
  
࠹ࠬ࠻ 
ㅢ㘑 
ⓨജ᷹ቯ
⹜㛎 
⸘ 
7/30 1 0 1 
࡮ࡒ࡯࠹ࠖࡦࠣ㧚 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⸳ቯ࡮⺞ᢛ㧚 
࡮࿶ജ⸘᷹♽ߩ⸳ቯ㧚 
࡮ᄤ⒊ߩขઃ㧚 
࡮ᮨဳߩขઃ㧘࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚
࡮࠹ࠬ࠻ࡉࡠ࡯ 
  
7/31 0 12 12 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
࡮࠯ࡠὐߩ⸳ቯ⏕⹺㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚 
࡮ㅢ㘑⹜㛎㧔ၮ␆ⓨജ㧕 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ 
  
8/1 0 7 7 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⸳ቯ࡮⺞ᢛ㧚 
࡮ㅢ㘑⹜㛎㧔ࠛ࡟ࡌ࡯࠲ᕈ⢻㧕 
࡮ࡀࠫⓣߩ☼࿯ၒ߼╬㧚 
࡮ᮨဳߩขࠅઃߌ 
㨯੝㖸ㅦၞߦ߅޿ߡ㧘㊀ᔃ૏⟎ⓨ
ജ⠢ᒏ 50㧑ߢߪ㕒቟ቯ߇ขࠇ
ߥ޿ߎߣ߇ಽ߆ߞߚ㧚 
㨯ᮨဳߩࡀࠫࠍขࠅᄖߔߣ߈ߦ㧘
ࡀࠫߩ㗡߇ߟ߱ࠇߡߒ߹޿㧘
ขࠅᄖߔߩߦ⧰ഭߔࠆ㧚 
8/2 0 8 8 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
࡮࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚 
࡮ㅢ㘑⹜㛎㧔ၮ␆ⓨജ㧕 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
  
8/3 0 7 7 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
࡮ᮨဳߩขઃ㧘࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚
࡮ㅢ㘑⹜㛎㧔ᯏ૕⴫㕙ಳಲ⹜㛎㧕 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
࡮⹜㛎㗄⋡ߩౣᬌ⸛㧚 
㨯ⓨ᳇ᑯ⇣Ᏹ⊒↢㧘ߘߩᓟᓳᣥ
ߔࠆ㧚 
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8/6 0 6 6 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⸳ቯ࡮⺞ᢛ㧚 
࡮ㅢ㘑⹜㛎㧔᳓ᐔየ⠢ขࠅᄖߒ㧘⴫㕙ߩಳಲ㧘ࠛࡦ
ࠫࡦౝ࿶ജ᷹ቯ㧕 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
࡮ᮨဳߩขઃ㧘࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚
࡮᳓ᐔየ⠢ߩല߈ࠍ⏕߆߼ࠆ
⋡⊛ߢ᳓ᐔየ⠢ࠍขࠅᄖߒ
ߡ⹜㛎ࠍㅊട㧚 
㨯ࠛࡦࠫࡦౝ࿶ജ᷹ቯߢ㧘࠴ࡘ
࡯ࡉ߇ࡈ࡜ࡦࠫߦ᜽߹ߞߡ
߅ࠅ㧘ᱜᏱߥ⸘᷹߇಴᧪ߥ߆
ߞߚ㧚 
8/7 0 2 2 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
࡮࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚 
࡮ㅢ㘑⹜㛎㧔ࠛࡦࠫࡦౝ࿶ജ⸘᷹㧕 
࡮ㆫ㖸ㅦ㘑ᵢ߆ࠄ⿥㖸ㅦ㘑ᵢߦ⒖േߔࠆ㧚 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
࡮ㆫ㖸ㅦ㘑ᵢ߆ࠄ⿥㖸ㅦ㘑ᵢ
ߦ⒖േ 
࡮Ḵ┵వ↢ߣ᪀↰ߪ㧘ᄤ⒊ߩ
セᱜߦ⒖ࠆ㧚 
8/8 0 6 6 
࡮ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
࡮ᮨဳߩขઃ㧘࠯ࡠὐ⸳ቯ㧘ࡀࠫⓣߩ☼࿯ၒ߼╬㧚
࡮ㅢ㘑⹜㛎㧔ၮ␆ⓨജ㧕 
࡮ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
࡮ㄫⷺ▸࿐-4㨪4deg.㧘ೞߺⷺ
1deg.ߢㅢ㘑ߒߚ⚿ᨐⓨ᳇ਇ⿷
ߦߥࠅ㧘ㅢ㘑ࠍਛᱛߔࠆ㧚 
8/9 0 7 7 
㨯ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
㨯ㅢ㘑⹜㛎㧔ၮ␆ⓨജ㧘ࠛࡦࠫࡦήߒ㧘ࠛ࡟ࡌ࡯࠲
ᕈ⢻㧘᳓ᐔየ⠢ߥߒ㧘⴫㕙ߩಳಲ㧕 
㨯ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
 
8/10 0 6 6 
㨯ࠪࡘ࡝࡯࡟ࡦశቇ♽ߩ⺞ᢛ㧚 
㨯ㅢ㘑⹜㛎㧔ၮ␆ⓨജ㧘ࠛࡦࠫࡦήߒ㧘⴫㕙☻ߐ㧕
㨯ขᓧ࠺࡯࠲ߩ⸃ᨆ㧚 
㨯ࠨࡦ࠼ࡍ࡯ࡄ࡯ࠍขࠅઃߌ
ߡ⴫㕙☻ߐࠍᮨᡆߔࠆ㧚 
✚⸘ 1 61 62     
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⴫ 7 㘑ᵢ⹜㛎ߩㅢ㘑૞ᬺ⸥㍳ߩ⹦⚦㧚 
䊏䉾䉼ⷺ 䊣䊷ⷺ
㪎᦬㪊㪇ᣣ 㪈 㪄 㪇㪈㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 䊁䉴䊃䊑䊨䊷 㪇㪅㪊 㪇䌾㪉䋨㪈䋩 㪇 㪄
㪉 㪈㪇㪑㪉㪇 㪇㪉㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪇㪅㪊 㪄㪉䌾㪈㪇㩿㪉㪀 㪇 㪄
㪊 㪈㪇㪑㪌㪇 㪇㪊㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪇㪅㪌 㪄㪉䌾㪈㪇㩿㪉㪀 㪇 㪄
㪋 㪈㪈㪑㪉㪎 㪇㪋㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪇㪅㪎 㪄㪉䌾㪋㩿㪈㪀 㪇 㪄
㪌 㪈㪈㪑㪌㪌 㪇㪌㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪇㪅㪐 㪄㪉䌾㪋㩿㪈㪀 㪇 㪄
㪍 㪈㪊㪑㪉㪎 㪇㪍㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪈㪅㪈 㪄㪉䌾㪋㩿㪈㪀 㪇 㪄
㪎 㪈㪋㪑㪈㪋 㪇㪎㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊏䉾䉼ᣇะ䋩 㪈㪅㪊 㪄㪉䌾㪋㩿㪈㪀 㪇 㪄
㪏 㪈㪌㪑㪈㪍 㪇㪏㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊣䊷ᣇะ䋩 㪇㪅㪊 㪇 㪄㪉䌾㪉㩿㪈㪀 㪄
㪐 㪈㪌㪑㪋㪊 㪇㪐㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊣䊷ᣇะ䋩 㪇㪅㪌 㪇 㪄㪉䌾㪉㩿㪈㪀 㪄
㪈㪇 㪈㪍㪑㪈㪌 㪈㪇㪄㪤㪇㪍㪄㪈㪄㪫㪪 ㆫ㖸ㅦ㘑ᵢ 㪤㪉㪇㪇㪍 ⓨജ᷹ቯ⹜㛎䋨䊣䊷ᣇะ䋩 㪇㪅㪎 㪇 㪄㪉䌾㪉㩿㪈㪀 㪄
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Fig. 2.1.  The M2007 configuration 
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Fig. 2.3. Designed composite structure(CFRP) of the 
main wing for the M2007 configuration, where the 
upper skin is omitted.
Fig. 2.2.  Designed metal structure(2024-T4) of the 
main wing for the M2007 configuration, where the 
upper skin is omitted. 
Fig. 2.3.  Stress elements for defining 
the Von Mises stress 
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        (a) Schematics of the specimen.                    (b) Overview of the constructed specimen. 
Fig. 3.2 Trial construction of a structure specimen for the horizontal tail of the M2006 configuration. 
 
Fig.3.3. Alignment of the strain gauges. 
Fig. 3.1.  The M2006 configuration 
- 23 - 
㪋㪅㩷 ⚿ᨐ㩷
㪋㪅㪈㩷⸃ᨆ⚿ᨐ㩷
 Fig. 3.1ߦ㊄ዻ᭴ㅧߦ߅ߌࠆᔕജ⸃ᨆ⚿ᨐࠍ␜ߔ㧚Von Mises stressߩᦨᄢ୯ߪਛᄩᩴ߅ࠃ߮ᦨ
ᓟᣇᩴਛᄩㇱઃㄭߦ⊒↢ߒߡ߅ࠅ㧘ᗐቯߒߡ޿ࠆ᭴ㅧ᧚ᢱ A2024́T4 ߩ 0.2%⠴ജ 235MPa ߦᲧ
ߴߡචಽዊߐ޿㧚  
 Fig. 3.2ߦⶄว᧚᭴ㅧߢߩᔕജ߅ࠃ߮ᱡߩ⸃ᨆ⚿ᨐࠍ␜ߔ㧚⸃ᨆ⚿ᨐߢߪᦨᄢᱡߪ⚂ 0.05%ᒙ
ߣߥߞߡ޿ߡ㧘0.4%ࠍᄢ߈ߊਅ࿁ߞߡ߅ࠅ㧘⸳⸘ၮḰࠍḩߚߒߡ޿ࠆ㧚 
㊄ዻ᭴ㅧ࡮ⶄว᧚᭴ㅧߣ߽ߦㆊᐲߥᒝᐲ૛⵨߇޽ࠆߚ߼㧘ᡷ⦟߇ᔅⷐߢ޽ࠆ㧚߹ߚ㧘੹࿁ߩᔕ
ജ⸃ᨆߢߪ᭴ㅧో૕ߩᒝᐲࠍ⹏ଔߔࠆ੐ߦਥ⌒ࠍ⟎޿ߚߚ߼㧘ฦㇱߩ⚿ว㊄ౕߥߤߩ⚦ㇱߪ⋭⇛
ߒߡ޿ࠆ㧚  
       
    
 
㪋㪅㪉㩷◲ᤃ㕒⩄㊀⹜㛎⚿ᨐ㩷
ߘࠇߙࠇߩᱡߺࠥ࡯ࠫࠣ࡞࡯ࡊߩᦨᄢ࡮ᦨዊਥᱡߦߟ޿ߡ㧘⹜㛎୯ߣ⸃ᨆ୯ࠍ Fig. 4.3ߦ␜ߔ㧚
ਥᱡߦ㑐ߔࠆ⚿ᨐࠍ⷗ࠆߣ㧘ࠣ࡞࡯ࡊ㧝߅ࠃ߮㧞ߩ⹜㛎⚿ᨐߣ⸃ᨆ⚿ᨐߦᄢ߈ߥᏅ߇⷗ࠄࠇࠆ㧚
⹜૞ߒߚ᭴ㅧ૕ߩᩴㄭற߿⠢ᩮធ⌕ㇱㄭறߩᢿ㕙ᒻ⁁ߪ㧘᦭㒢ⷐ⚛⸃ᨆߦߪᱜ⏕ߦߪ෻ᤋߐࠇߡ
߅ࠄߕ㧘ߎࠇࠄߩㇱ૏ߩ೰ᕈ߿ᔕജ㓸ਛ߇ᱜ⏕ߦ⸃ᨆߢ߈ߡ޿ߥ޿߽ߩߣ⠨߃ࠄࠇࠆ㧚ࠣ࡞࡯ࡊ
㧟ߦߟ޿ߡߪ㧘ᔕജ㓸ਛߩή޿႐ᚲߢ᷹ቯߒ㧘߹ߚᩴ߆ࠄ㆙޿ߚ߼ធ⌕ߩᓇ㗀߇ήߊ㧘⸃ᨆ୯ߦ
ኻߒᲧセ⊛⦟ᅢߥ⸘᷹⚿ᨐ߇ᓧࠄࠇߡ޿ࠆ㧚 
੹ᓟߪ㧘᭴ㅧ⸳⸘ߩᦨㆡൻࠍㅴ߼ࠆߣ౒ߦ㧘⢵૕ࠍ฽߼ߚᯏ૕ో૕᭴ㅧߦ㑐ߔࠆ⸳⸘߅ࠃ߮ᔕ
ജ⸃ᨆߣᒝᐲ⹏ଔ㧘ଏ⹜૕ߩ⥄૞ߣ⩄㊀⹜㛎ࠍ➅ࠅ㄰ߒ㧘ਗ߮ߦ࠹࡯࡜࡝ࡦࠣࠍ⠨ᘦߒߚ⇣ᣇᕈ
ߩⶄว᧚ߦࠃࠆ৻૕ᚑဳ᭴ㅧߩ⸳⸘߿ᔕജ⹏ଔߩᚻᴺࠍ᭴▽ߔࠆ੍ቯߢ޽ࠆ㧚 
 
Fig. 4.1. Predicted Von Mises stress distribution for the 
designed metal structure(2024-T4),where the upper 
skin is omitted. 
Fig. 4.2. Predicted strain distribution for the designed 
composite structure(CFRP), where the upper skin is 
omitted
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Fig.4.3. Results of the values of the principal strains. 
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1) 㠽㙃㢬㓶㧘ਭ਎⚩ੑ㧘ޟ㘧ⴕᯏߩ᭴ㅧ⸳⸘ޠ(1992)㧘ᣣᧄ⥶ⓨᛛⴚදળ㧚 
2) ᩙጊᅢᄦ㧘╣Ꮉብਯ㧘ޟCAEߦࠃࠆᯏ᪾ᒝᐲ⸳⸘ޠ(2005)㧘ጊᶏၴ㧚 
3) ᣂᴛ㗅ᖝ㧘⮮ේḮศ㧘Ꮉፉቁᐘ㧘ޟ⥶ⓨᯏߩ᭴ㅧജቇޠ(1989)㧘↥ᬺ࿑ᦠ㧚 
4) ⿒ᧁഞ㧘⍹⷗ፋਭ㧘ᓼ᳗ବੑ㧘⫌↰㓶ੑ㇢㧘ᄤጟ๺ᤘ㧘ޟ⥶ⓨᯏ᧚ᢱޠ(1989)㧘ᣣᧄ⥶ⓨᛛⴚ
දળ㧚 
5) వㅴⶄว᧚࠺࡯࠲ࡌ࡯ࠬ㧘ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴㧔JAXA㧕㧘http://www.jaxa-acdb.com 
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ዊဳήੱ⿥㖸ㅦᯏ䈱㘧ⴕ⚻〝⸃ᨆ㩷 䋭㩷⎇ⓥᚑᨐႎ๔㩷
 
٤  㐳የ  ෹㧔⥶ⓨቝቮࠪࠬ࠹ࡓᎿቇኾ᡹ 㜞ㅦᵹ૕ജቇ⎇ⓥቶ㧕
Ḵ┵ ৻⑲㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ ಎᢎ᝼㧕
 
㩷
㪈㪅㩷䈲䈛䉄䈮㩷
 ᧄ⎇ⓥߪ㧘⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯ߢㅴ߼ࠄࠇߡ޿ࠆዊဳήੱ⿥㖸ㅦᯏߩ⎇ⓥ㐿⊒ࡊ
ࡠࠫࠚࠢ࠻ߩਛߢ㧘 ᐕᐲߦឭ᩺ߐࠇߚ࠲ࠗࡊߩ㘧ⴕ⚻〝⸃ᨆࠍታᣉߒ㧘หᯏࠍ↪޿ߚ㘧ⴕታ
㛎ߩᚑ┙ᕈߩᬌ⸛ࠍⴕߞߚ㧚
 
㪉㪅㩷 ᯏ૕⻉ర䊶ⓨജ․ᕈ䊶ផജ 
 ⸃ᨆࠍⴕߞߚᯏ૕ M2006 ဳߩ᭎ⷰࠍ࿑ 1 ߦ㧘ᯏ૕ਃ㕙࿑ࠍ࿑ 2 ߦ㧘ᯏ૕⻉రࠍ⴫ 1 ߦ㧘㊀㊂
ផ▚୯ࠍ⴫ 2ߦ␜ߔ㧚 
ߎߩᯏ૕ߩో㐳ߪ 3[m]㧘⢵૕ᓘߪ 0.18[m]㧘⠢᏷ߪ 1.609[m]ߢ޽ࠆ㧚㊀㊂ߦߟ޿ߡߪ㧘3 ᰴర
CADޟCATIA V5ޠࠍ૶↪ߒߡ⸳⸘ߐࠇߚᯏ૕ߦ᧚ᢱࠍ઒ቯߒߡ⾰㊂ࠍផ▚ߒߚ㧚᧚ᢱߪࠕ࡞ࡒ
࠾࠙ࡓว㊄ࠍᗐቯߒߡ޿ࠆ㧚ᧄ⎇ⓥߢ૶↪ߒߚⓨജଥᢙߪ㧘JAXA/ISASߩ㘑ᵢࠍ૶↪ߒߡᓧࠄࠇ
ߚ߽ߩߢ޽ࠆ㧚ផജߦߟ޿ߡߪᧄ࠮ࡦ࠲࡯ߢ⎇ⓥ࡮㐿⊒ਛߩዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦߩ 1ᰴ
రࠨࠗࠢ࡞⸃ᨆߦࠃߞߡ੍஻⊛ߦផ▚ߐࠇߚផജᕈ⢻ࡑ࠶ࡊ㧘Ყផജᕈ⢻ࡑ࠶ࡊ㧘ๆ޿ㄟߺⓨ᳇
ᵹ㊂ࡑ࠶ࡊࠍ૶↪ߒߡ޿ࠆ㧚

   
࿑ 1 M2006ဳߩ᭎ⷰ               ࿑ 2 ᯏ૕ਃ㕙࿑ 
 
⴫ 1㧚ᯏ૕⻉ర               ⴫ 2㧚㊀㊂ផ▚୯ 
 
                 
 
 
 
 
 
ో㐳 3 [m] 
ో᏷ 1.609 [m] 
⠢㕙Ⓧ 0.995 [m2]
ࠕࠬࡍࠢ࠻Ყ 2.71 [m] 
⢵૕ᓘ 0.18 [m] 
ࡁ࡯࠭ࠦ࡯ࡦඨᓘ 0.03 [m] 

ᯏ૕㊀㊂ 42.8 [kg] 
ࠛࡦࠫࡦ㧔৻ၮ㧕 80.0 [kg] 
ࠕࡧࠖࠝ࠾ࠢࠬ♽㊀㊂ 8.1 [kg] 
Άᢱ㊀㊂ 24.6 [kg] 
ᯏ૕✚㊀㊂ 155.5 [kg] 
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f
f
O
f
r
r
㪊㪅㩷 ⸃ᨆᚻᴺ㩷
 ᧄ⸃ᨆߢߪ㧘࿑ 3ߦ␜ߔࠃ߁ߥ࿾⃿ࠍਛᔃߣߔࠆ 3⥄↱ᐲᘠᕈᭂᐳᮡ♽ࠍᗐቯߒ㧘㘧ⴕ૕ࠍ⾰
ὐߣߒߚਅߦ␜ߔㆇേᣇ⒟ᑼࠍᢙ୯⊛ߦ⸃ߊߎߣߦࠃࠅ㧘㘧ⴕ⚻〝⸃ᨆࠍⴕߞߚ㧚
rߪ࿾⃿ߩਛᔃߣ⾰ὐߩ〒㔌㧘Tߪ⚻ᐲ㧘Mߪ✲ᐲ㧘mߪᯏ૕ߩ⾰㊂㧘 MT FFFr ,, ߪߘࠇߙࠇߦ
૞↪ߔࠆജ㧘Zߪ࿾⃿ߩ⥄ォߩⷺㅦᐲߢ޽ࠆ㧚ᯏ૕ߦߪ឴ജ㧘᛫ജ㧘ផജ㧘㊀ജ߇૞↪ߔࠆ߽ߩ
ߣߔࠆ㧚

°°
°
¿
°°
°
¾
½
 
 
 
m
F
rrr
m
Frrr
m
Frrr r
M
T
MMTMM
MMTMTMT
MMT
sincos2
sin2coscos2
cos 222








࿑ 3㧚3⥄↱ᘠᕈᭂᐳᮡ 

㪋㪅㩷 ⸃ᨆ⚿ᨐ㩷
 ᧄ⎇ⓥߢߩ㘧ⴕࡊࡠࡈࠔࠗ࡞ߪ㧘኿႐ߣᗐቯߒߚᄢ᮸↸ᄙ⋡⊛⥶ⓨ౏࿦ࠍ㔌㒽㧘ߘߩᓟ਄᣹ߒ㧘
⋡ᮡߣߔࠆ㘧ⴕࡑ࠶ࡂᢙ 1.6ࠍ⋡ᜰߔ㧚ߘߩᓟ㧘ᷫㅦ࡮ᣓ࿁ߒ㧘኿႐ߦᏫㆶ㘧ⴕࠍ⹜ߺࠆ㧚 
 
 
࿑ 4㧚㘧ⴕࡊࡠࡈࠔࠗ࡞ 
 
ขᓧߐࠇߚⓨജଥᢙߪ㘑ᵢ⹜㛎ߦ߅޿ߡࠛࡦࠫࡦᵹ〝߇㐽㎮ߐࠇߚ⁁ᘒߢߩ߽ߩߢ޽ࠆ߇㧘ᧄ
⸃ᨆߢߪ᛫ജଥᢙߩ⵬ᱜߪⴕࠊߥ߆ߞߚ㧚 
 
㪋㪅㪈㩷⸃ᨆ⚿ᨐ 㪈䋺⃻Ბ㓏䈪น⢻䈭㘧ⴕ㩷
 ⚻〝⚿ᨐߩ⚿ᨐ㧘ࠕࡈ࠲࡯ࡃ࡯࠽࡯㧔ΆⓨᲧ 0.03㧕ࠍ૶↪ߒߡ㜞ᐲ 11[km]ࠍ㘧ⴕߒߚ႐ว㧘⋡
ᮡߣߔࠆ⿥㖸ㅦ㘧ⴕߪน⢻ߢ޽ࠆߎߣ߇੍᷹ߐࠇߚ㧚ߎߩߣ߈ߩ⚻〝ߩ㠽⍑࿑㧘㘧ⴕࡑ࠶ࡂᢙ㧘
㘧ⴕ㜞ᐲߩផ⒖ࠍ࿑ 5㧘6㧘7ߦ␜ߔ㧚⋡ᮡߣߒߡ޿ࠆ⿥㖸ㅦ㘧ⴕߪ㆐ᚑߢ߈ߚ߽ߩߩ㧘㘧ⴕࡊࡠ 
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࿑ 5㧚⚻〝ߩ㠽⍑࿑ 
  
࿑ 6㧚㘧ⴕࡑ࠶ࡂᢙផ⒖            ࿑ 7㧚㘧ⴕ㜞ᐲផ⒖ 
  
      ࿑ 8㧚㘧ⴕࡑ࠶ࡂᢙផ⒖           ࿑ 9㧚㘧ⴕ㜞ᐲផ⒖ 
 
ࡈࠔࠗ࡞ߩᏫㆶ㘧ⴕߪ㆐ᚑ߇࿎㔍ߢ޽ࠆߎߣ߇੍᷹ߐࠇߚ㧚 
 
㪋㪅㪉㩷⸃ᨆ⚿ᨐ䋲䋺㜞ᐲ䈫೔㆐䊙䉾䊊ᢙ䈱Ყセ㩷
 ߎߩ⸃ᨆߢߪ㜞ᐲߣ೔㆐ࡑ࠶ࡂᢙߩᲧセࠍⴕߞߚ㧚㘧ⴕ㜞ᐲࠍ 10[km]㧘12[km]㧘14[km]ߣ⸳ቯ
ߒ㧘ࠕࡈ࠲࡯ࡃ࡯࠽࡯ࠍ૶↪ߔࠆߎߣߦࠃࠅ೔㆐ࡑ࠶ࡂᢙߩᲧセࠍⴕߞߚ㧚ߎߩߣ߈ߩ㘧ⴕࡑ࠶
ࡂᢙ㧘㘧ⴕ㜞ᐲߩផ⒖ࠍ࿑ 8㧘9 ߦ␜ߔ㧚ߎࠇࠃࠅ㧘㜞ᐲ 12[km]⒟ᐲ߇ᦨ㜞ࡑ࠶ࡂᢙ 1.6 ࠍᓧࠆ
ߩߦ㧘ᦨ߽ૐ޿㜞ᐲߢ޽ࠆߣ੍᷹ߐࠇߚ㧚 
 
㪌㪅㩷 䉁䈫䉄㩷
 ᧄ⎇ⓥߢߪ㧘2006ᐕᐲߦឭ᩺ߐࠇߚዊဳήੱ⿥㖸ㅦᯏߦ㑐ߒߡ㧘3⥄↱ᐲᘠᕈᭂᐳᮡߦࠃࠆ㘧
ⴕ⚻〝⸃ᨆࠍⴕߞߚ㧚ߘߩ⚿ᨐ㧘⃻Ბ㓏ߢߪࠕࡈ࠲࡯ࡃ࡯࠽࡯ࠍ૶↪ߔࠆߎߣߦࠃࠅࡑ࠶ࡂᢙ 1.6
ߦ೔㆐ߔࠆߎߣ߇੍᷹ߐࠇߚ㧚߹ߚ㧘ߘߩߣ߈ߩ㘧ⴕ㜞ᐲߪ 12[km]એ਄߇ᅢ߹ߒ޿ߣ⠨߃ࠄࠇࠆ㧚
⃻Ბ㓏ߢ㘧ⴕࡊࡠࡈࠔࠗ࡞ߦၮߠߊࡒ࠶࡚ࠪࡦߩ㆐ᚑߪ࿎㔍ߢ޽ࠆߣ੍᷹ߐࠇࠆ㧚ߘࠇߪΆᢱ߇
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ߩടჇᢱΆタ៞㧘ߪߦ߼ߚࠆ߼㜞ࠍᕈ⃻ታߩ㛎ታⴕ㘧ࠅࠃࠇߎ㧚ࠆ޽ߢ߼ߚ޿ߥ߈ߢタ៞ߦಽච
 㧚ࠆ߃޿ߣࠆ޽ߢⷐᔅ߇ടჇⓍ૕ㇱౝߩ૕ᯏߩ߼ߚ
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ዊဳήੱ੝㖸ㅦᯏ䈱⸳⸘䈫⵾૞㩷䋭㩷⚻ㆊႎ๔㩷
㩷
䂾㩷 㩷 㩷 Ḵ┵㩷 ৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
᫜ᰴ㩷 ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
੹੗㩷 㩷 㛁䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
㜞ᵤ㩷 ᱞੱ䋨⥶ⓨቝቮ䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
㩷
㩷
ᧄ࠮ࡦ࠲࡯ߢߪ㧘⥶ⓨቝቮᯏߦ㑐ߔࠆ㕟ᣂ⊛ߥၮ⋚ᛛⴚࠍ⎇ⓥߒ㧘ߘߩᯏ⢻࡮ᕈ⢻ࠍዊߐ޿ߥ
߇ࠄ߽ታ㓙ߩ㘧ⴕᯏ૕߿ࠫࠚ࠶࠻ࠛࡦࠫࡦߦ៞タߒߡ㧘㜞ㅦ㘧ⴕⅣႺߦ߅޿ߡታ⸽ߔࠆ੐ࠍ⋡ᜰ
ߒߡ޿ࠆ㧚ߘߩߚ߼ߩዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏ߿㧘ߘࠇࠍផㅴߔࠆዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦߩ
⎇ⓥ࡮㐿⊒ࠍㅴ߼ߡ߅ࠅ㧘ߎࠇࠄࠍ↪޿ߡ⿥㖸ㅦ㘧ⴕታ⸽ࠍታᣉߔࠆ⸘↹ߢ޽ࠆ㧚 
ߎߩዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߦߪ㧘⿥㖸ㅦ㘧ⴕߩᕈ⢻ߛߌߢߥߊ㧘㔌⌕㒽╬ߩ੝㖸ㅦ㘧ⴕߩᕈ⢻
߽ⷐ᳞ߐࠇࠆߚ߼㧘⿥㖸ㅦ㘧ⴕᕈ⢻ߣ੝㖸ㅦ㘧ⴕᕈ⢻ࠍਔ┙ߐߖࠆᔅⷐ߇޽ࠆ㧚ߘߎߢ㧘ߎߩਔ
┙ࠍታ⃻ߔࠆߚ߼ߩᛛⴚ⺖㗴ߩ᛽಴ߣ⸃᳿ࠍ⋡⊛ߣߒߡ㧘⿥㖸ㅦታ㛎ᯏ૕ߣห৻ߩᒻ⁁ߩ੝㖸ㅦ
ᯏ૕ࠍ↪޿ߡ㧘੍஻⊛ߥ㘧ⴕ⹜㛎ࠍ෻ᓳታᣉߔࠆ⸘↹ߢ޽ࠆ㧚ផㅴེߣߒߡߪᏒ⽼ߩᮨဳ↪࠲࡯
ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦ㧔ផജ 17kgf㧕ࠍ↪޿ࠆ㧚 
ᒰೋߩ㘧ⴕ⹜㛎ߩ㘧ⴕേ࿶ߪૐ޿ߚ߼㧘ᯏ૕᭴ㅧߪᮨဳ᭽ߩ◲ᤃߥᧁ⾰߅ࠃ߮ GFRP߆ࠄߥࠆ
࠮ࡒࡕࡁࠦ࠶ࠢ᭴ㅧߣߔࠆ㧚ᄙ᭽ߥ੍஻⊛㘧ⴕ⹜㛎ߦኻᔕߢ߈ࠆࠃ߁ᐕᰴ⸘↹ߦᓥߞߡ㘧ⴕน⢻
㗔ၞ㧔ࠛࡦࡌࡠ࡯ࡊ㧕ࠍᐢߍࠆߩߦ૬ߖߡ㧘೰ᕈߩ㜞޿ CFRP᭴ㅧߦ⒖ⴕߒߟߟ㧘ⓨജᒢᕈᛛⴚ
ࠍㆡ↪ߔࠆ㧚㘧ⴕ೙ᓮ♽ߦߟ޿ߡ߽ᒰೋߪή✢ᠲ❑ߣߒ㧘ᓢޘߦ⥄ᓞ㘧ⴕߦ⒖ⴕߒߟߟ⥄ᓞ㘧ⴕ
ᛛⴚߩ੍஻ታ⸽ࠍታᣉߔࠆ⸘↹ߢ޽ࠆ㧚 
ᐔᚑ 19ᐕᐲߪ㧘ᯏ૕ߩਥⷐ᭴ㅧࠍ⸳⸘ߒ㧘ᯏ૕ߩਥⷐㇱຠߩේဳ㧔ࡑࠬ࠲࡯ࡕ࠺࡞㧕ࠍ⹜૞ߒ
ߚ㧚ᐔᚑ 20 ᐕᐲߪ㧘ߎߩේဳࠍరߦߒߡ㧘੍஻⊛ߥ࠮ࡒࡕࡁࠦ࠶ࠢ᭴ㅧߩᯏ૕ࠍ GFRP ߅ࠃ߮
CFRP ߢ⹜૞ߒ㧘ࠛࡦࠫࡦ࡮⵬ེ㘃࡮⣉࡮ή✢ᠲ❑ᯏེ╬ࠍ⦗ⵝߒ㧘੍஻⊛ߥṖ⿛࡮㔌㒽߅ࠃ߮
⌕㒽ߩ⹜㛎ࠍታᣉߔࠆ⸘↹ߢ޽ࠆ㧚 
 
 
  
㧔㧝㧕ᯏ૕ߩቢᚑࠗࡔ࡯ࠫ     㧔㧞㧕ਥⷐ᭴ㅧߩᒰೋ᩺  㧔㧟㧕ᯏ૕ߩਥⷐㇱຠߩේဳ 
࿑㧝㧦੝㖸ㅦታ㛎ᯏ૕ߩ⸳⸘ߣ⹜૞ 
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↹௝ಣℂ䈮ၮ䈨䈒䊌䊤䊐䉤䉟䊦㘧ⴕ૕䈱㘧ⴕ⚻〝䈱หቯ㩷 䋭㩷⎇ⓥᚑᨐႎ๔㩷
㩷
䂾㩷 㩷 Ḵ┵㩷 ৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
ጯᧄ㩷 ᵏዏ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
㩷
㩷
㪈㪅㩷 ✜⸒㩷
ㄭᐕޔᄢ㒽㑆ߩ⥶ⓨャㅍ෸߮࿾⃿ૐ゠㆏߳ߩౣ૶↪ဳቝቮャㅍߩ෺ᣇߦ౒ㅢߔࠆ㕟ᣂ⊛ၮ⋚ᛛ
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Fig.1 Configuration of the Parafoil. 
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(a) Video image of Camera 1. 
 
 
(b) Video image of Camera 2. 
Fig.2 A trajectory detected from video images. 
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Fig.3 Definition of angles for analyzing trajectory points. 
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Fig.4 Flight trajectories of steady-state gliding at several values of angle of attack. 
 
Table 1 Characteristics of steady-state gliding at several values of angle of attack. 
ㄫ
ⷺ 
ࠦࡦ࠻ࡠ࡯
࡞࡜ࠗࡦ㐳 
᳓ᐔ 
ㅦᐲ 
U[m/s] 
ᴉਅ 
ㅦᐲ 
W[m/s] 
Ṗⓨⷺ 
ș[deg.] 
឴᛫Ყ 
DL CC  
ዊ 
 
 
 
ᄢ 
+16[mm] 3.44 1.87 28.9 1.84 
 +8[mm] 3.95 1.70 23.3 2.32 
  0[mm] 3.32 1.19 19.7 2.79 
 -8[mm] 3.49 1.21 19.1 2.88 
-16[mm] 2.42 1.00 22.5 2.42 
 
㪊㪅㪉㩷ᣓ࿁ᕈ⢻ 
Ꮐᣓ࿁ᣇะߩࠬ࠹࠶ࡊᠲ⥽ߦࠃࠆᣓ࿁ᕈ⢻ࠍ㧘ࠠࡖࡁࡇ࡯ᒻ⁁ߩ㆑޿ࠃࠆᣓ࿁ᕈ⢻ߩᏅ⇣㧘ㄫ
ⷺߩ㆑޿ߦࠃࠆᣓ࿁ᕈ⢻ߩᏅ⇣㧘߅ࠃ߮ᠲ⥽ᔕ╵ߩਃὐߦᵈ⋡ߒߡ⸃ᨆߔࠆ㧚 
 
㪊㪅㪉㪅㪈㩷䉨䊞䊉䊏䊷䈱౞ᒐᒻ⁁䉕ᄌ䈋䉎䈖䈫䈮䉋䉎ലᨐ 
Ꮐฝ┵ߩࠨࠬࡍࡦ࡚ࠪࡦ࡜ࠗࡦ߅ࠃ߮ࠦࡦ࠻ࡠ࡯࡞࡜ࠗࡦߩ⸘ 4 ᧄࠍ 10㨇mm㨉ߥ޿ߒߪ 20
㨇mm㨉⍴❗ߔࠆߎߣߦࠃߞߡ㧘ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ߩᦛ₸ࠍᄢ߈ߊߔࠆ㧚ㄫⷺࠍᄌ߃ߕࠠࡖ
ࡁࡇ࡯ᒻ⁁ߩߺᄌ߃ߚ႐วߩ㧘ࠦ ࡦ࠻ࡠ࡯࡞࡜ࠗࡦᒁ߈㊂ 30[mm]ߢߩᣓ࿁ࠍ઻߁ਃᰴర㘧ⴕ゠〔
ࠍ Fig.5ߦ㧘ᮮᣇะᄌ૏ߩጁᱧࠍ Fig.6ߦ␜ߔ㧚 
ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ߩᦛ₸߇ᄢ߈ߊߥࠆ⒟㧘ᣓ࿁ᕈ⢻߇ᖡൻߔࠆ੐߇ࠊ߆ࠆ㧚ߎࠇߪ㧘౞ᒐ
ᒻ⁁ߩᦛ₸߇ᄢ߈ߊߥࠆߦߟࠇ㧘⠢ߩᛩᓇ㕙Ⓧ߇ዊߐߊߥࠅ㧘⠢ߩ឴ജಽᏓ߇ᷫዋߔࠆ㧚ߒ߆ߒ
ߎߩ੐߆ࠄߛߌߢߪ㧘ᣓ࿁߇ᖡൻߔࠆේ࿃ߣߒߡߪਲߒ޿㧚ࠃߞߡ੹ᓟ࿶ജಽᏓ╬ߦ㑐ߒߡ߽⺞
ᩏߒ㧘ߘߩේ࿃ࠍ⸃᣿ߔࠆᔅⷐ߇޽ࠆ㧚߹ߚㄫⷺࠍᄌ߃ߡ߽ห╬ߩ⚿ᨐ߇ᓧࠄࠇߡ޿ࠆ㧚 
 
㪊㪅㪉㪅㪉㩷ㄫⷺ䉕ᄌ䈋䉎䈖䈫䈮䉋䉎ലᨐ 
3.1 ▵ߢㅀߴߚᣇᴺߢㄫⷺࠍᄌ߃㧘ߎࠇߦࠃࠆᣓ࿁ᕈ⢻ߩᏅ⇣ࠍ⺞ߴߚ㧚ᮮᣇะᄌ૏ߩጁᱧߦ
ߪ㧘ㄫⷺߦࠃࠆᏅ⇣ߪ޽߹ࠅ⷗ࠄࠇߥ߆ߞߚ㧚ߒ߆ߒ㧘゠〔ߩ㋦⋥㕙ᛩᓇ㧔Fig.7㧕ࠍ⷗ࠆߣ㧘឴
᛫Ყ߇ዊߐ޿ㄫⷺ᧦ઙߢߪᕆỗߦᴉਅߒߡ޿ࠆ੐߇⸃ࠆ㧚
- 34 - 
 
   (a) Baseline.        (b)10[mm] shortening.     (c)20[mm] shortening. 
Fig.5 Flight trajectories for three shapes of the canopy. 
 
 
Fig.6 Horizontal displacement history of turning flight trajectories for three shapes of the canopy. 
 
 
Fig.7 Turning flight trajectories at several values of angle of attack. 
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Fig.8 Lateral control response. 
 
Table.2 Effects of the canopy shape on the lateral control response. 
ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ 
ᠲ⥽ᤨ㑆 
[s] 
ᠲ⥽ᒁ߈㊂ 
[mm] 
㘧ⴕ⚻〝ߩ 
ᣓ࿁ᦛ₸[1/m] 
ᄌൻߥߒ 0.16 30 2.5010-3 
Ꮐฝ┵࡜ࠗࡦࠍ-10[mm]⍴❗ 0.24 30 3.1310-3 
Ꮐฝ┵࡜ࠗࡦࠍ-20[mm]⍴❗ 0.24 30 1.1710-3 
 
 
Fig.9 Comparison between an experimental flight trajectory and corresponding results of simulation. 
 
Table 3 Characteristic properties of the parafoil experimental vehicle used  
for simulation of steady-state gliding. 
 Property Notation
Value 
ǩ= -15 deg ǩ= 0 deg ǩ= 15 deg 
Lift coefficient  DLC  -0.110 0.330 0.690 
Pitching moment 
coefficient 
 DmC  0.034 0.014 -0.047 
Rolling stability ElC -0.035 
Yawing stability EnC  0.032 
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߻ߚ߼࿶ജ៊ᄬࠍዊߐߊߔࠆߎߣ߇น⢻ߢ޽ࠅ㧘ല₸ߩૐਅࠍ㒐ߋߎߣ߇ߢ߈ࠆ㧚ߐࠄߦ㧘ࠫࡖ
ࠗࡠലᨐߦࠃߞߡᯏേ߇✭ᘟߦߥߞߡߒ߹߁ߎߣࠍᛥ߃ࠆߎߣ߇ߢ߈ࠆߣ޿߁೑ὐ߽޽ࠆ㧚߹ߚ㧘
ᯏ᪾⊛ߥ೑ὐߣߒߡߪ࿶❗ᯏߩਛ㑆㕒⠢ࠍ⋭ߊߎߣ߇ߢ߈㧘ゲᣇะ㐳ߐࠍ⍴ߊߢ߈ࠆߚ߼㧘シ㊂࡮
ዊဳൻ߇น⢻ߢ޽ࠅ㧘ᝄേߩ㕙ߢ߽᦭೑ߢ޽ࠆߎߣ߇᜼ߍࠄࠇࠆ㧚ᧄ⎇ⓥߢߪ㧘ᵹ✢ᦛ₸ᴺߦࠃ
ࠅዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦ↪෻ォ࠲࡯ࡆࡦᒻ⁁ߩၮᧄ⸳⸘ࠍⴕ޿㧘ᢙ୯ᵹ૕⸃ᨆߦࠃࠅߘߩ
ⓨജᕈ⢻ࠍ⹏ଔߔࠆߎߣࠍ⋡⊛ߣߔࠆ㧚 ߹ߚหᤨߦ࿶❗ࡈࠔࡦߣߩࡄࡢ࡯ࡃ࡜ࡦࠬ㧘ࠪ ࡖࡈ࠻ߩ
ᝄേ໧㗴╬ߣߩ⛔ว⊛ߥ໧㗴ὐࠍ᣿⏕ߦߒ㧘ᰴ࿁એ㒠ߩࠪࠬ࠹ࡓࠗࡦ࠹ࠣ࡟࡯࡚ࠪࡦߦ᦭⋉ߥᖱ
ႎࠍឭଏߔࠆ㧚 
 
㪉㪅㩷 䉺䊷䊎䊮⸳⸘㩷
㩷 ᧄ⎇ⓥߦ߅޿ߡኻ⽎ߣߔࠆࠛࡦࠫࡦߪㆊ෰ߩࠛࡦࠫࡦࠪࠬ࠹ࡓߦ㑐ߔࠆᾲജቇ⊛⸘▚㧘᧚
ᢱ࡮᭴ㅧ㕙ߢߩ೙⚂᧦ઙߥߤ߆ࠄ࠲࡯ࡆࡦߩ⋡ᮡࠬࡍ࠶ࠢࠍ⸳ቯߒ⸳⸘ߒߚ㧚ߎࠇߦࠃࠅࡈࠔ
ࡦᓘࠍ 200[mm]એਅ㧘㕒ᱛផജࠍ 140[kgf]㧘ⓨ᳇ᵹ㊂ࠍ 4.1[kg/s]㧘࠲࡯ࡆࡦ౉ญ᷷ᐲࠍ 1173[k]
ߣߒߚ㧚࠲࡯ࡆࡦߦ㑐ߔࠆઍ⴫⸳⸘୯ߪ࠲࡯ࡆࡦᵹ౉⛘ኻࡑ࠶ࡂᢙࠍ 0.8㧘࠲࡯ࡆࡦ౉ญ࿶ജࠍ
352[kPa]㧘࠲࡯ࡆࡦ࠴࠶ࡊ๟ㅦ 370[m/sec]એਅ㧘U/C0=0.42~0.52㧘෻േᐲߪᵹ〝ਛᔃߢ 0.5㧘Hub
ᓘਅ㒢 70[mm]ߣߒߚ㧚࿁ォᢙߪ㜞࿶Ბߢ 43000[rpm]㧘ૐ࿶Ბߢ-35000[rpm]ߢ޽ࠆ㧚 
 ౕ૕⊛ᚻᴺߣߒߡḰਃᰴర⸳⸘ᚻᴺߩ৻ߟߢ޽ࠆᵹ✢ᦛ₸ᴺߦࠃࠅ࠲࡯ࡆࡦߩ⸳⸘ࠍⴕߞߚ㧚
ᵹ✢ᦛ₸ᴺߣߪᵹ㊂࡮࿁ォᢙ࡮ᵹ〝ᒻ⁁߆ࠄඨᓘᐔⴧᣇ⒟ᑼ㧘ߦో࿶៊ᄬଥᢙಽᏓࠍਈ߃ߡᵹ
〝ౝߩᵹࠇ⁁ᘒࠍផ▚ߔࠆ߽ߩߢ޽ࠆ㧚╙৻ᰴ⸳⸘ᬌ⸛ߢᓧࠄࠇߚೋᦼ᧦ઙ߆ࠄᐔⴧ᧦ઙᑼ߇
ᚑ┙ߔࠆࠃ߁ߦ෻ᓳ⸘▚ࠍⴕ޿㧘ℂᗐ⊛ߥᵹ✢ߣ๟ᣇะಽㅦᐲߩಽᏓࠍ᳞߼ࠆ㧚⸘▚ߦࠃࠅᓧ
ࠄࠇߚㅦᐲਃⷺᒻߩ৻଀ߣߒߡᐔဋᓘߢߩㅦᐲਃⷺᒻࠍ࿑㧝ߦ␜ߔ㧚߹ߚ㧘૞ᚑߒߚ⠢ဳߩᐔ
ဋᓘߢߩᒻ⁁ࠍ࿑㧞ߦ␜ߔ㧚 
 
㪊㪅㩷 ⸃ᨆᚻᴺ䈍䉋䈶⚿ᨐ㩷
 ᵹ✢ᦛ₸ᴺߦࠃࠅ⸳⸘ߒߚዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦ↪෻ォ࠲࡯ࡆࡦࠍNumerical␠ߩ࠲࡯
ࡏᯏ᪾ᾲᵹ૕⃻⽎⸃ᨆ࠰ࡈ࠻ޡFINE/TurboޢߦࠃࠅCFD⸃ᨆࠍⴕߞߚ. ⸃ᨆࡕ࠺࡞ߪSymmetricࠬ
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ࠠ࡯ࡓߣVanߩ೙㒢㑐ᢙߦࠃࠆᏅಽࠬࠠ࡯ࡓࠍ↪޿ߚ.߹ߚ,ੂᵹࡕ࠺࡞ߪSpalartߩ৻ᣇ⒟ᑼੂᵹ
ࡕ࠺࡞ࠍ૶↪ߒߚ.ᩰሶὐᢙߪ✚ᢙ130ਁὐߢᦨዊᩰሶ᏷ߪ2.0×10ߣߒߚ.⚿ᨐࠍ⴫㧝ߦ␜ߔ㧚߹ߚ㧘
ᵹࠇߩࡑ࠶ࡂᢙಽᏓࠍ࿑㧟ߦ␜ߔ㧚 
 
 
࿑㧝㧦෻ォ࠲࡯ࡆࡦߩㅦᐲਃⷺᒻ 
䉺䊷䊎䊮⠢ဳ㩷㩿㪧㪚㪛㪀
㪄㪇㪅㪇㪉
㪄㪇㪅㪇㪈
㪇
㪇㪅㪇㪈
㪇㪅㪇㪉
㪇㪅㪇㪊
㪇㪅㪇㪋
㪇㪅㪇㪌
㪇 㪇㪅㪇㪌 㪇㪅㪈 㪇㪅㪈㪌 㪇㪅㪉
ゲᣇะ㐳䈘㪲㫄㪴
㪲㫄㪴
 
࿑㧞㧦⸳⸘ߒߚ෻ォ࠲࡯ࡆࡦߩ⠢ဳ 
 
⴫㧝㧦CFDߦ߅ߌࠆ࠲࡯ࡆࡦᕈ⢻⸃ᨆ⚿ᨐ 
㩷  HP turbine LP turbine 
Target power [kW] 356.6 259.1 
Incidence power [kW] 239.9 60.6 
Ratio of target power to incidence [%] 67.3  23.4  
Abiabatic stage efficiency 0.62  0.18  
Total Abiabatic 0.42  
 
㪋㪅㩷 ⠨ኤ㩷
 ⴫㧝ࠍ⷗ࠆߣ࠲࡯ࡆࡦ઀੐ߪ೨࡮ᓟᲑߣ߽ᔅⷐ઀੐ߦኻߒߡਇ⿷ߒߡ޿ࠆ㧚ߎࠇߪฦᲑߦ߅
޿ߡᷫㅦ㗔ၞ߇⊒↢ߒ៊ᄬߣߥࠅ㧘઀੐ߩૐਅߦ❬߇ߞߡ޿ࠆߣ࿑㧟ߩࡑ࠶ࡂᢙಽᏓࠃࠅ⠨߃
ࠄࠇࠆ㧚߹ߚૐ࿶࠲࡯ࡆࡦߪ⪺ߒ޿ല₸ૐਅ߇⷗ࠄࠇࠆ߇㧘േ⠢ߦ߅޿ߡᵹࠇ߇⿥㖸ㅦߣߥࠆ
඙㑆߇ሽ࿷ߒ㧘ߘߩ඙㑆ߩ೨ᓟߢᕆỗߥ࿶ജ਄᣹߇⷗ࠄࠇࠆ㧚ߎߩߚ߼㧘ⴣ᠄ᵄ⥄૕ߩ៊ᄬߣ
࿶ജ਄᣹ߦࠃࠆᵹࠇߩ೸㔌ߩᓇ㗀ߢᄢ᏷ߦ઀੐߇ᷫዋߒߡߒ߹ߞߚߩߢߪߥ޿߆ߣ⠨߃ࠄࠇࠆ㧚 
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㩷ቯ੍䈱ᓟ੹䈶䉋䈍䉄䈫䉁 㩷㪅㪌
ߩߘ㧘ߦ߽ߣߣ߁ⴕࠍ⸘⸳ᧄၮߩ⚛ⷐࡦࡆ࡯࠲ߩࡦࠫࡦࠛ࠻࠶ࠚࠫᵹゲォ෻ဳዊߪߢⓥ⎇ᧄ 
㧚ߚ߈ߢ⹺⏕߇ᕈⷐᔅߩༀᡷ㧘ࠅ߅ߡߒ↢⊒߇ᵄ᠄ⴣߡ޿߅ߦᲑᓟߦ․㧚ߚߒߦ߆ࠄ᣿ࠍὐ㗴໧
޿ߥ޿ߡߖ߆↢ࠍ࠻࠶࡝ࡔߩࡦࡆ࡯࠲ォ෻ߪߢ⁁⃻㧘ߊ߈ᄢ߇ⷺะォߩ⠢㕒㑆⠢േߢ⁁⃻ߚ߹
⎇⸘⸳ࠆߥᦝߌะߦ┙ᚑߩࡓ࠹ࠬࠪ߃߹〯ࠍᨐ⚿ߩ࿁੹ߪߡߒߣ⚛ⷐࡦࡆ࡯࠲㧚ߚߞ߆ಽ߽੐
ߢቯ੍߁ⴕࠍ㛎⹜ォ࿁ߡߦᯏ㛎⹜ࠣ࡝ࠍࡦࠔࡈߚߒ૞⹜㧘ߪᓟ੹ߚ߹㧚ࠆ޽ߢቯ੍ࠆ߼ㅴࠍⓥ
ࠇߘ㧚ࠆߺ⹜ࠍ⸛ᬌㅧ᭴ߩゲォ࿁ߦ⊛ቯᥳ㧘ߢ⁁ᒻࡦࡆ࡯࠲ߚߒ↪૶ߦᨆ⸃ߢⓥ⎇ᧄ㧘߇ࠆ޽
ߡ߃ᄌࠍᢙォ࿁㧘㊂ᵹ㧘Ყജ࿶ࡦࡆ࡯࠲㧘ߡ޿ߟߦ⁁ᒻࡦࡆ࡯࠲ߚࠇࠄᓧߢⓥ⎇ᧄ㧘ߦᤨหߣ
 㧚ࠆ޽ߢቯ੍ࠆߔ⸛ᬌ߆ࠆߔ૞േߦ⊛ቯ቟ߢઙ᧦ߩߤ㧘ߦว႐ߚߒ↪ㆡߦᯏ㛎⹜ࠣ࡝㧘ߡߺ


 Ꮣಽᢙࡂ࠶ࡑࡦࡆ࡯࠲ࠆࠃߦᨐ⚿DFC㧦㧟࿑



 ₂ᢥ⠨ෳ
 )9591(,␠࠽ࡠࠦ,ޠ⺰ℂࡦࠫࡦࠛ࠻࠶ࠚࠫ ࡦࠠ࠴࡯࠹ࠬޟ,⸶ ᠲ ፉự )1(
 )3791(,␠࠽ࡠࠦ,ޠʊ⸘⸳ߣ⺰ℂʊ ࡦࡆ࡯࠲ࠬࠟޟ,⪺ ᠲ ፉự )2(
 )3991(,ળ ಴ቇᄢ੩᧲,ޠ⺰᭎ࡦࠫࡦࠛ࠻࠶ࠚࠫޟ,㇢ᰴᤘ ᫃ )3(
 )0002(,ᐫᦠୖᦺ,ޠࡦࠫࡦࠛࡦࡆ࡯࠲ࠬࠟޟ,⪺ ᄦବ ፉ㐳,ㅢᅢ ↰⼱ )4(
 )4691(,㙚ᦠੱ࿾,ޠࡦࡆ࡯࠲ࠬࠟဳዊޟ,⪺ ㇢ਃ ੗ᴤ )5(
 )6002(ޠⓥ⎇ࠆߔ㑐ߦ⁁ᒻ⠢ߩࡦࠔࡈᵹゲォ෻↪ࡦࠫࡦࠛ࠻࠶ࠚࠫࡏ࡯࠲ဳዊޟ,⪺ ⌀ቬ ᧛⷏ )6(
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ዊဳ䉺䊷䊗䉳䉢䉾䊃䉣䊮䉳䊮䈱ゲฃ೰ᕈ䈮ଐሽ䈜䉎ᝄേ․ᕈ䈱⸃ᨆ 䋭 ⎇ⓥᚑᨐႎ๔㩷
 
྾ች㩷 ᔀ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 ⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
㩷᫜ᰴ㩷 ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷 ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
᧲㊁㩷 ๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷 ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
䂾㩷 㩷 㩷┻↰㩷 ᐢੱ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
 
 
㪈㪅㩷 ⎇ⓥ᭎ⷐ䊶⋡⊛㩷
⃻࿷㧘⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯㧔APReC㧕ߢߪ㧘᧲੩ᄢቇ㧘਻Ꮊᄢቇ㧘ᄢ㒋ᐭ┙ᄢቇ
෸߮ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴(JAXA)ߣㅪ៤ߒߡ㧘੝㖸ㅦ߆ࠄ⿥㖸ㅦၞߦ߅ߌࠆ㕟ᣂ⊛ߥၮ⋚ᛛⴚࠍ
᭴▽ߒ㧘ߘߩၮ⋚ᛛⴚࠍዊဳߩήੱ⿥㖸ㅦᯏߦࠃࠅ㘧ⴕታ⸽ߔࠆߣ޿߁ࡊࡠࠫࠚࠢ࠻߇┙ߜ਄ߍ
ࠄࠇߚ㧚ߎߩࡊࡠࠫࠚࠢ࠻ߩ⎇ⓥ㐿⊒ߩ৻ߟߣߒߡ㧘ታ㛎ᯏߦ៞タߐࠇࠆࠫࠚ࠶࠻ࠛࡦࠫࡦߩ㐿
⊒߇᜼ߍࠄࠇࠆ㧚ߘߩࠫࠚ࠶࠻ࠛࡦࠫࡦߩ㐿⊒ߢߪ㧘ᝄേ໧㗴߳ߩኻᔕ߇ᔅⷐਇนᰳߣߥࠆ㧚ߘ
ߎߢᧄ⎇ⓥߢߪ㧘ࠫࠚ࠶࠻ࠛࡦࠫࡦߩෂ㒾ㅦᐲ⹏ଔ߅ࠃ߮ゲฃ೰ᕈߦ⌕⋡ߒߚ⺞ᢛᴺࠍ⏕┙ߔࠆ
ߎߣࠍ⋡⊛ߣߒߡ㧘࿑ 1ߦ␜ߔࠃ߁ߥផജ 8kgf⚖ߩᣢሽߩᮨဳ㘧ⴕᯏ↪ዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦ
ࠫࡦࠍ↪޿ߡ㧘࿁ォゲᡰᜬㇱߢ޽ࠆゲฃߩ೰ᕈࠍᄌൻߐߖࠆߎߣߢ㧘ࠫࠚ࠶࠻ࠛࡦࠫࡦߩෂ㒾ㅦ
ᐲߦਈ߃ࠆᓇ㗀ߩ⸃ᨆࠍⴕߞߚ㧚 
 
㪉㪅㩷 ૶↪ⵝ⟎㩷
 ᧄ⎇ⓥߢߪ㧘ዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦࠍ࿾਄⹜㛎↪࠮࡞ߦ⸳ቯߒ㧘ታ㛎ࠍⴕߞߚ㧚૶↪ⵝ
⟎ߪਥߦ࿑ 1ߦ␜ߔࠃ߁ߥଏ⹜૕ࠛࡦࠫࡦߣ࿾਄⹜㛎↪࠮࡞㧘ߐࠄߦฦ⒳⸘᷹ⵝ⟎߆ࠄߥࠆ㧚 
 
࡮Sophia Precision ␠⵾ 
   J-850 Turbojet Engine 
   J-850 Turbojet Engine Test Sell 
 
air intake compressor combustor turbin nozzle
?????
10
0m
m
ignition
glow plug
ball 
bearing
plate springcentrifugal 
compressor
radial turbin
flame 
stabilizer
 
࿑ 1㧦J-850ଏ⹜૕ࠛࡦࠫࡦߣ࿾਄⹜㛎↪࠹ࠬ࠻࠮࡞ 
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㪊㪅㩷 ታ㛎䈍䉋䈶ᢙ୯⸃ᨆ䈱᭎ⷐ㩷
㪊㪅㪈㩷ታ㛎᭎ⷐ㩷
 ᧄታ㛎ߢߪ㧘࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦߩゲฃ೰ᕈߩᄌൻߦ઻߁ෂ㒾ㅦᐲߩᄌൻࠍ⸃ᨆߔࠆߚ߼
ߦ㧘࿑ 1ߦ␜ߒߚᮨဳ㘧ⴕᯏ↪ዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦ J-850ߩਈ࿶⩄㊀ࠍᄌൻߐߖ㧘0~90000 
rpmઃㄭߢㆇォࠍⴕߞߚ㧚ዏ㧘ਈ࿶⩄㊀ߩᄌൻߦߪ࿑ 2ߦ␜ߔ⋁ࡃࡀߩ⚵ߺวࠊߖᣇ߅ࠃ߮ࠬࡊ
࡝ࡦࠣࠪ࡯࠻ࠍ⺞ᢛߔࠆߎߣߢਈ࿶⩄㊀ࠍᄌൻߐߖߚ㧚߹ߚ㧘ታ㛎ਛߪࠫࠚ࠶࠻ࠛࡦࠫࡦࠤ࡯ࠪ
ࡦࠣߩᄖოߩඨᓘ࡮ゲᣇะߩᝄേടㅦᐲ㧘࿁ォゲవ┵ߩᄌ૏㊂㧘࿁ォᢙߩ 4㗄⋡ࠍ࡝ࠕ࡞࠲ࠗࡓ
ߢ⸘᷹࡮࠺࡯࠲ߩ଻ሽࠍⴕߞߚ㧚 
 
㪊㪅㪉㩷ᢙ୯⸃ᨆ᭎ⷐ㩷
 ᢙ୯⸃ᨆߢߩ੍᷹ߪ㧘ᦛߍߩ౒ᝄ๟ᵄᢙ㧔ෂ㒾ㅦᐲ㧕ߦ㒢ቯߒ㧘વ㆐ࡑ࠻࡝࠶ࠢࠬᴺࠍ↪޿ߡ
ⴕߞߚ㧚࿑ 3ߩ࿁ォゲߦ㧘વ㆐ࡑ࠻࡝࠶ࠢࠬᴺࠍㆡ↪ߒ㧘ゲฃ೰ᕈࠍ 1.45107㨪2.98107[N/m]
߹ߢߩ㑆ߢ 4ࡄ࠲࡯ࡦᄌൻߐߖߡ⸃ᨆࠍⴕ޿㧘2ᰴ߹ߢߩෂ㒾ㅦᐲߩ੍᷹⸃ᨆࠍⴕߞߚ㧚 
 
 
࿑ 2㧦⋁ࡃࡀߣࠬࡊ࡝ࡦࠣࠪ࡯࠻ 
 
࿑ 3㧦ᢙ୯⸃ᨆߦ↪޿ߚ࿁ォゲ 
 
㪋㪅㩷⚿ᨐ㩷
㪋㪅㪈㩷ᢙ୯⸃ᨆ⚿ᨐ㩷
વ㆐ࡑ࠻࡝࠶ࠢࠬᴺߦࠃߞߡ᳞߼ࠄࠇߚ㧘ฦゲฃࡃࡀቯᢙߦࠃࠆෂ㒾ㅦᐲࠍ␜ߔ㧚ゲฃ೰ᕈ୯
ߩჇടߦࠃࠅ㧘1 ᰴ㧘2 ᰴߣ߽ෂ㒾ㅦᐲ߇਄᣹ߒߡ޿ߊߎߣ߇ࠊ߆ࠆ㧚ゲฃ೰ᕈߩ 25㨪35㧑⒟ᐲ
ߩะ਄ߦ઻޿㧘1ᰴෂ㒾ㅦᐲߪ 10㨪14㧑⒟ᐲ㧘2ᰴෂ㒾ㅦᐲߪ 5㨪10㧑⒟ᐲ਄᣹ߔࠆߣ޿߁⚿ᨐ߇
ᓧࠄࠇߚ㧚߹ߚ㧘2ᰴෂ㒾ㅦᐲߪోߡߦ߅޿ߡ 160000[rpm]એ਄ߣㆇォ⹜㛎ߦ߅ߌࠆㆇォ▸࿐ࠍ⿥
߃ߡ޿ࠆߚ߼㧘ታ㛎ߦࠃࠆ 2ᰴෂ㒾ㅦᐲㅢㆊᝄേߪ⏕⹺ߢ߈ߥ޿ߣ⠨߃ࠄࠇࠆ㧚 
 
⴫㧝 ゲฃ೰ᕈߣෂ㒾ㅦᐲ 
ゲฃ೰ᕈ㩷 㪲㪥㪆㫄㪴㩷 㪈㪅㪋㪌㬍㪈㪇㪎 㪈㪅㪎㪐㬍㪈㪇㪎 㪉㪅㪉㪈㬍㪈㪇㪎 㪉㪅㪐㪏㬍㪈㪇㪎㩷
㪈 ᰴ㩷 㩷 㪲㫉㫇㫄㪴㩷 㪊㪐㪌㪏㪏㩷 㪋㪊㪍㪍㪐㩷 㪋㪎㪐㪎㪍㩷 㪌㪋㪍㪈㪉㩷 㩷
㪉 ᰴ㩷 㩷 㪲㫉㫇㫄㪴㩷 㪈㪍㪊㪐㪎㪏㩷 㪈㪎㪉㪇㪏㪈㩷 㪈㪏㪈㪍㪌㪏㩷 㪈㪐㪏㪊㪇㪎㩷 㩷
44 
     
(a) ࡃࡀ೰ᕈ 1.45107(N/m)          (b) ࡃࡀ೰ᕈ 1.79107(N/m) 
      
(c) ࡃࡀ೰ᕈ 2.21107(N/m)          (d) ࡃࡀ೰ᕈ 2.98107(N/m) 
࿑ 4㧦ඨᓘᣇะߩടㅦᐲ 
 
㪋㪅㪉㩷ታ㛎⚿ᨐ㩷
ゲฃߩਈ࿶⩄㊀ࠍᄌൻߐߖߚታ㛎ߦࠃࠆᝄേടㅦᐲࠍ࿑ 4ߦ␜ߔ㧚ࠣ࡜ࡈߦ⌕⋡ߔࠆߣ㧘ߘࠇ
ߙࠇ 45000㨪60000[rpm]⒟ᐲߢ 1 ᰴߩടㅦᐲߦ 1 ߟߩࡇ࡯ࠢ୯߇޽ࠆߎߣ߇ࠊ߆ࠆ㧚߹ߚ㧘ߘߩ
ࡇ࡯ࠢὐߪゲฃ೰ᕈߩᄌൻߦ઻ߞߡ⒖േߒߡ޿ࠆߎߣ߆ࠄ㧘ߎߩടㅦᐲߩࡇ࡯ࠢὐ߇ෂ㒾ㅦᐲㅢ
ㆊߩᓇ㗀ߦࠃࠆ߽ߩߣ⠨߃ࠄࠇࠆ㧚ᢙ୯⸃ᨆߩ⚿ᨐ߆ࠄ㧘2 ᰴෂ㒾ㅦᐲߪߤߩ႐วߦ߅޿ߡ߽
160000[rpm]એ਄ߣ⠨߃ࠄࠇࠆ㧚ߘߩߚ߼ᧄታ㛎ߩㆇォ▸࿐ౝߦ߅޿ߡߪ 2ᰴෂ㒾ㅦᐲㅢㆊߦࠃࠆ
ᝄേ⃻⽎߇⃻ࠇߥ߆ߞߚߣ⠨߃ࠄࠇࠆ㧚 
એ਄ࠃࠅ㧘ᧄታ㛎ߢ↪޿ߚ 4⒳㘃ߩゲฃ೰ᕈߢߩ 1ᰴෂ㒾ㅦᐲߪᰴߩࠃ߁ߦߥࠆ㧚࿑ 5߆ࠄ㧘
ℂ⺰⸃ᨆ୯ߣታ㛎୯ߪቯᕈ⊛ߦ৻⥌ߒߡ߅ࠅ㧘೰ᕈߩะ਄ߦ઻߁ෂ㒾ㅦᐲߩ਄᣹ࠍℂ⺰⸃ᨆߢ੍
᷹น⢻ߢ޽ࠆߎߣ߇␜ߐࠇߚ㧚ℂ⺰⸃ᨆ୯ߣታ㛎୯ߣߩᏅߪ㧘ℂ⺰⸘▚ߢ᳞߼ߚ೰ᕈ୯ࠍ↪޿ߚ
႐ว㧘8㨪10㧑⒟ᐲߣߥߞߚ㧚 
⴫ 2 ゲฃ೰ᕈߣෂ㒾ㅦᐲ 
 
 
 
ゲฃ೰ᕈ㩷 㪲㪥㪆㫄㪴㩷 㪈㪅㪋㪌㬍㪈㪇㪎 㪈㪅㪎㪐㬍㪈㪇㪎 㪉㪅㪉㪈㬍㪈㪇㪎 㪉㪅㪐㪏㬍㪈㪇㪎㩷
㪈 ᰴ㩷 㩷 㪲㫉㫇㫄㪴㩷 㪋㪍㪇㪇㪇㩷 㪋㪎㪊㪇㪇㩷 㪌㪉㪍㪇㪇㩷 㪌㪏㪐㪇㪇㩷 㩷
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࿑ 5㧦ᢙ୯⸃ᨆ⚿ᨐߣታ㛎⚿ᨐ 
 
㪌㪅㩷 䉁䈫䉄㩷
ᧄ⎇ⓥߢߪ㧘ࠫࠚ࠶࠻ࠛࡦࠫࡦߩෂ㒾ㅦᐲߩ⹏ଔ߅ࠃ߮⺞ᢛᴺߩ⏕┙ࠍ⋡⊛ߣߒߡ㧘ᣢሽߩᮨ
ဳ㘧ⴕᯏ↪ዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦࠍ↪޿ߡ㧘੍ ࿶⩄㊀ߩ⺞ᢛߦࠃࠅゲฃ೰ᕈࠍᄌൻߐߖߡ㧘
ㆇォ⹜㛎ߢߩෂ㒾ㅦᐲ⹏ଔ߅ࠃ߮વ㆐ࡑ࠻࡝࠶ࠢࠬᴺࠍ↪޿ߚ࿁ォゲෂ㒾ㅦᐲߩℂ⺰⸃ᨆࠍⴕߞ
ߚ㧚ߘߩ⚿ᨐ㧘࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦߩゲฃ೰ᕈߦଐሽߔࠆෂ㒾ㅦᐲߩᄌൻࠍ㧘ታ㛎ߦࠃࠅ⏕
⹺ߔࠆߎߣ߇ߢ߈㧘ߐࠄߦℂ⺰⸃ᨆߦࠃࠅ㜞♖ᐲߢ੍᷹ߔࠆߎߣ߇ߢ߈ߚ㧚ࠃߞߡ㧘ᧄ⎇ⓥߦ߅
޿ߡࠫࠚ࠶࠻ࠛࡦࠫࡦߩෂ㒾ㅦᐲߩ⹏ଔ߅ࠃ߮ゲฃ೰ᕈߦ⌕⋡ߒߚෂ㒾ㅦᐲߩ⺞ᢛᴺࠍ⏕┙ߔࠆ
ߎߣ߇ߢ߈ߚ㧚 
 
⻢ㄉ㩷
 ଏ⹜૕ࠛࡦࠫࡦ߅ࠃ߮ࠛࡦࠫࡦ⹜㛎↪࠮࡞ߩ᭴▽ߣᡷ⦟ߦ޽ߚࠅ߹ߒߡ㧘࠰ࡈࠖࠕࡊ࡟࡚ࠪࠫ
ࡦᩣᑼળ␠᭽㧘᦭㒢ળ␠㚍႐ᯏ᪾⵾૞ᚲߩ㚍႐⟵ೣ᭽ߣห⵾૞ᚲߩᓥᬺຬߩ⊝᭽ࠃࠅ㧘ᄙᄢߥࠆ
ߏදജߣߏዧജࠍ⾦ࠅ߹ߒߚ㧚 
ߏᡰេ㧘ߏදജࠍ㗂߈߹ߒߚోߡߩ⊝᭽ߦ㧘ᷓߊᗵ⻢ߩᗧࠍ⴫ߒ߹ߔ㧚 
 
ෳ⠨ᢥ₂㩷
[1] ᧲ᶏࡃࡀᎿᬺᩣᑼળ␠㧘ߐࠄ߫ߨ࠹ࠢ࠾ࠞ࡞ࠟࠗ࠳ࡦࠬ㧘pp2-3  
[2] ✎ᨋ⧷৻㧘ォ߇ࠅゲฃࡑ࠾ࡘࠕ࡞㧘ᣣᧄⷙᩰදળ㧘(1999)㧘pp143-147 
[3] ጟᧄ⚐ਃ㧘ⷺ↰๺㓶㧘ォ߇ࠅゲฃ́ߘߩ․ᕈߣታ↪⸳⸘́㧘ᐘᦠᚱ㧘(1988)㧘pp105-107 
[4] ጊᧄᢅ↵㧘⍹↰ᐘ↵㧘ޟ࿁ォᯏ᪾ߩജቇޠ㧘ࠦࡠ࠽␠㧘(2001) 㧘pp290-315 
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෻ォゲᵹ䊐䉜䊮䉺䊷䊗䉳䉢䉾䊃䉣䊮䉳䊮䈱ૐ࿶䉺䊷䊎䊮ゲ♽䈱ᝄേ⸃ᨆ㩷䋭㩷⎇ⓥᚑᨐႎ๔㩷
Ḋ㩷 ੫ੑ㇢䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ഥᢎ䋩㩷
┻↰㩷 ᐢੱ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
䂾㩷 㩷 㩷㐳የ㩷 ໪ม䋨⥶ⓨቝቮ䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
㩷
㩷
㪈㪅㩷⎇ⓥ᭎ⷐ䊶⋡⊛㩷
 ᄢ᳇ਛࠍ㜞ㅦ㘧ⴕߢ߈ࠆᭂ⿥㖸ㅦᯏ߿㧘ૐࠦࠬ࠻࡮㜞޿ା㗬ᕈࠍ᦭ߔࠆቝቮャㅍࠪࠬ࠹ࡓߩታ
⃻ߩߚ߼ߦ㧘వㅴ⻉࿖ߦ߅޿ߡౣ૶↪ဳቝቮᓔㆶᯏߩ⎇ⓥ࡮㐿⊒߇ㅴ߼ࠄࠇߡ޿ࠆ㧚ߎߩᯏ૕ࠍ
ታ⃻ߐߖࠆߚ߼ߦߪ㧘㕟ᣂ⊛ߥၮ⋚ᛛⴚࠍ㐿⊒࡮ታ↪ൻߔࠆᔅⷐ߇޽ࠅ㧘ߘࠇࠄࠍᬌ⸽ߔࠆߚ߼
ߦߪ㧘ዊဳ⿥㖸ㅦήੱታ㛎ᯏߦࠃࠆ㘧ⴕታ⸽߇ឭ᩺ߐࠇߡ޿ࠆ㧚ߎߩᯏ૕ߩផㅴࠛࡦࠫࡦߦߪ㧘
ዊဳ࡮㜞ല₸࡮㜞ផജߢ޽ࠆߎߣ߇᳞߼ࠄࠇߡ߅ࠅ㧘ߘߩߚ߼ᧄቇߢߪ෻ォゲᵹࡈࠔࡦ࠲࡯ࡏࠫ
ࠚ࠶࠻ࠛࡦࠫࡦࠍឭ᩺ߒߚ㧚 
ߎߩࠛࡦࠫࡦߩ࿶❗ࡈࠔࡦߪ㧘2 Ბߩࡈࠔࡦ߇෻ォߒߥ߇ࠄⓨ᳇ࠍๆ޿ㄟ߻߽ߩߢ޽ࠅ㧘ㅢᏱ
ߩࡈࠔࡦߣᲧߴ㧘ᢿᾲല₸࡮࿶❗Ყ࡮ⓨ᳇ᵹ㊂ߩ㕙ߢ೑ὐ߇޽ࠅ㧘߹ߚ㧘ࡈࠔࡦߩᲑᢙࠍᦨዊൻ
ߢ߈ࠆߣ޿߁೑ὐ߽޽ࠆ㧚ߘߩ᭴
ㅧࠍ Fig.1 ߦ␜ߔ㧚 ෻ォゲᵹࡈ
ࠔࡦߪ᭴ㅧ਄㧘1Ბ⋡ࡈࠔࡦߣૐ
࿶࠲࡯ࡆࡦࠍߟߥߋૐ࿶࠲࡯ࡆ
ࡦࠪࡖࡈ࠻㧘2Ბ⋡ࡈࠔࡦߣ㜞࿶
࠲࡯ࡆࡦࠍߟߥߋ㜞࿶࠲࡯ࡆࡦ
ࠪࡖࡈ࠻ߩ 2 ߟߩゲߢ᭴ᚑߐࠇ
ߡ޿ࠆ㧚ૐ࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߪ㜞࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߦᲧߴ㧘ゲᓘ߇⚦ߊゲ㐳߇㐳޿ߚ߼㧘㜞
࿁ォߦ߅ߌࠆ᠌ߺ߇ᄢ߈ߊߥࠅ㧘ෂ㒾ᝄേᢙ߇ૐਅߒߡߒ߹߁㧚৻ᣇ㧘㜞࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߪ
ૐ࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߦᲧߴ㧘ゲᓘ߇ᄥߊゲ㐳߇⍴޿ߚ߼᠌ߺߪዋߥ޿߇㧘ゲฃߌߩ DN୯೙㒢
߇෩ߒߊߥࠆ㧚ߘߩߚ߼㧘ૐ࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߪゲᓘࠍᄥߊ㧘㜞࿶࠲࡯ࡆࡦࠪࡖࡈ࠻ߪゲᓘࠍ
⚦ߊߔࠆߎߣ߇᳞߼ࠄࠇߡ޿ࠆ߇㧘ゲ♽ߩᒻ⁁ߩᢛวᕈࠍขࠆߩ߇㔍ߒ޿㧚 
ᧄ⎇ⓥߦ߅޿ߡߪ㧘ૐ࿶࠲࡯ࡆࡦゲ♽ߩᒻ⁁ߩᢛวᕈࠍขࠆߚ߼㧘ㆡಾߥゲᓘߣゲ㐳ߩ⚵ߺว
ࠊߖߦߟ޿ߡᬌ⸛ࠍⴕߞߚ㧚ෂ㒾࿁ォᢙߩ቟ోၮḰߪ㧘ቯᩰ࿁ォᢙࠃࠅr20%⒟ᐲ㔌ߒߡ߅ߊߎ
ߣߣߒ㧘ゲฃߌߩ߫ߨቯᢙ߇ෂ㒾࿁ォᢙߦਈ߃ࠆᓇ㗀ߦߟ޿ߡ߽⸃ᨆߒߚ㧚 
㩷
㪉㪅㩷ℂ⺰㩷
ᝄേ⸃ᨆߦߪޟવ㆐ࡑ࠻࡝࠶ࠢࠬᴺޠ2, 3)ࠍ↪޿ߚ㧚ߎߩᣇᴺࠍ↪޿ߡᝄേ⸃ᨆࠍⴕ߁႐ว㧘
Fig.2-1ߦ␜ߔࠃ߁ߦ㧘᭴ㅧ૕ࠍ޿ߊߟ߆ߩၮᧄⷐ⚛ߦಽഀߔࠆ㧚ၮᧄⷐ⚛ߪゲⷐ⚛࡮⾰㊂ⷐ⚛࡮
ゲฃߌⷐ⚛ߩ㧘േ․ᕈ߇⇣ߥࠆ3ߟߩන૕ⷐ⚛ߢ᭴ᚑߐࠇߡ߅ࠅ㧘ߘߩ᭎ᔨ࿑ࠍFig.2-2ߦ␜ߒߚ㧚
ฦⷐ⚛ߩ‛ℂቯᢙࠍㆡಾߦਈ߃ࠆߎߣߦࠃߞߡ㧘ゲߩേ․ᕈࠍኈᤃߦ⴫ߔߎߣ߇น⢻ߣߥࠆ㧚ၮ
ᧄⷐ⚛ߩࡑ࠻࡝࠶ࠢࠬࠍដߌวࠊߖ㧘વ㆐ߐߖߡ޿ߊߎߣߦࠃࠅ㧘᭴ㅧ‛ో૕ߩࡑ࠻࡝࠶ࠢࠬࠍ
᳞߼ࠆ㧚ߘߒߡ㧘ߎߩࡑ࠻࡝࠶ࠢࠬ߆ࠄᝄേᢙᣇ⒟ᑼࠍ┙ߡߡ⸃ߊߎߣߢ㧘᭴ㅧ‛ో૕ߩ࿕᦭ᝄ 
 
Fig.1 ෻ォゲᵹࡈࠔࡦ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦߩ᭎⇛࿑ 
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Fig.2-1 Shaft Division            Fig.2-2વ㆐ࡑ࠻࡝࠶ࠢࠬᴺߩၮᧄⷐ⚛ 
 
േᢙࠍ᳞߼ࠆߎߣ߇಴᧪ࠆ㧚વ㆐ࡑ࠻࡝࠶ࠢࠬᴺߢߩ೑ὐߪ㧘㜞ᰴࡕ࡯࠼ߩ࿕᦭ᝄേᢙࠍ᳞߼ࠆ
ߩ߇ኈᤃߢ޽ࠆߣ޿߁ߎߣߢ޽ࠆ㧚ߒ߆ߒ㧘ࡑ࠻࡝࠶ࠢࠬߏߣߢ↢ߓߚᓸዋߥ⺋Ꮕ߇㧘ដߌวࠊ
ߐࠇߡ޿ߊߎߣߦࠃࠅᄢ߈ߊߥߞߡߒ߹޿㧘♖ᐲ߇⪭ߜߡߒ߹߁ߣ޿߁ᰳὐ߽ሽ࿷ߔࠆ㧚 
 
㪊㪅㩷⸃ᨆ㩷
߹ߕૐ࿶࠲࡯ࡆࡦゲ♽ߩ⸳⸘ὐࠍ 48000[rpm]ߣ᳿ቯߒ㧘ࠛࡦࠫࡦࠪࠬ࠹ࡓߩᢛวᕈࠍᬌ⸛ߒߚ⚿
ᨐ㧘ゲߩᄢ߈ߐࠍ᳿ቯߒߚ㧚ၮḰߩゲᓘߪ࠲࡯ࡆࡦᵹ〝ᓘߩ೙㒢ࠃࠅ 36[mm]ߣ⸳ቯߒ㧘ゲ㐳ߪΆ
὾ེ㨯ࡈࠔࡦ㨯࠲࡯ࡆࡦ㨯㕒⠢ߩ㐳ߐࠃࠅ 550[mm]ߣ⸳ቯߒߚ㧚ߎࠇࠍߘࠇߙࠇၮḰゲ㐳㧘ၮḰゲᓘ
ߣߔࠆ㧚ゲᒻ⁁ߩᓇ㗀ࠍ⸃ᨆߔࠆߚ߼㧘ゲᓘ߇ 30[mm]߆ࠄ 42[mm]߹ߢ 2[mm]ೞߺߢᄌൻߐߖ㧘
ゲ㐳߇ 400[mm]߆ࠄ 700[mm]߹ߢ 50[mm]ೞߺߢᄌൻߐߖߚ㧚߹ߚෂ㒾࿁ォᢙ߇߫ߨቯᢙߩᄌൻߦ
ኻߒߡ㧘ߤߩࠃ߁ߦᄌൻߔࠆ߆ߣ޿߁௑ะߦߟ޿ߡ⸃ᨆߒߚ㧚 
⸃ᨆߦ↪޿ߚࡈࠔࡦߣ࠲࡯ࡆࡦߩࡉ࡝ࠬࠢߩ․ᕈࠍ Table.1ߦ߹ߣ߼ߚ㧚ࡈࠔࡦࡉ࡝ࠬࠢߩ․ᕈ
ߦߟ޿ߡߪ㧘ᤓᐕᐲ⹜૞ߒߚ෻ォゲᵹ࿶❗ᯏห᭽㧘╙ 1Ბࡈࠔࡦߩ୯ࠍ↪޿ߚ㧚࠲࡯ࡆࡦࡉ࡝ࠬ
ࠢߪ߹ߛ⵾૞ߒߡ޿ߥ޿ߩߢ㧘ࡈࠔࡦࡉ࡝ࠬࠢߩ୯ߦኒᐲᲧࠍ⵬ᱜߒߚ୯ࠍ↪޿ߚ㧚 
 
㪋㪅㩷⚿ᨐ㩷
߹ߕ㧘ၮḰߩゲ♽ߦ߅޿ߡ㧘ಽഀᢙ 3⒳㘃ߢᝄേ⸃ᨆࠍⴕߞߚ⚿ᨐࠍ Table.2ߦ␜ߔ㧘ฦࡕ࡯࠼
ߦ߅޿ߡߩᢙ୯ࠍᲧセߒߚ߇㧘Ꮕߪෂ㒾࿁ォᢙߩ 1%ᧂḩߢ޽ߞߚߚ߼㧘ߤߩಽഀᢙߦ߅޿ߡ߽
߶߷หߓ♖ᐲߢ޽ࠆߎߣ߇ಽ߆ߞߚ㧚ߎࠇࠃࠅ㧘એᓟߩ⸃ᨆߦ߅޿ߡߪゲ♽ࠍ 20ಽഀߒߡ↪޿ࠆ
ߎߣߦߔࠆ㧚ᰴߦ㧘ゲᓘߣゲ㐳ࠍᄌൻߐߖߡᝄേ⸃ᨆࠍⴕߞߚ⚿ᨐࠍ Fig.3-1ߦ␜ߔ㧚1ᰴߩෂ㒾
࿁ォᢙࠍታ✢ߢ␜ߒ㧘2 ᰴߩෂ㒾࿁ォᢙࠍὐ✢ߢߘࠇߙࠇ␜ߒߚ㧚ෂ㒾࿁ォᢙ߇ࠛࡦࠫࡦߩቯᩰ
࿁ォᢙࠃࠅ 20%⒟ᐲ㔌ࠇߡ޿ࠆゲᓘߣゲ㐳ߩ⚵ߺวࠊߖߪ㧘ゲ㐳 400[mm]ߢ⋥ᓘ 32[mm]એ਄ߢ
޽ߞߚ㧚߹ߚゲ㐳 450[mm]ߩ႐วߢߪ㧘߆ࠈ߁ߓߡゲᓘ 40[mm]એ਄ߩᤨߦ 2 ᰴߩෂ㒾࿁ォᢙ߇
20%㔌ࠇߡ޿ߚ㧚 
ߐࠄߦ߫ߨቯᢙߩᓇ㗀ࠍ⺞ߴࠆߚ߼㧘ゲᓘ 36[mm]ゲ㐳 550 [mm]ߩ႐วߢ㧘߫ ߨቯᢙࠍ 10࡮100࡮
1/10࡮1/100 ߦᄌൻߐߖߡ㧘ෂ㒾ᝄേᢙ߇ᄌൻߔࠆ௑ะࠍ᳞߼ߚ㧚ߘߩ⚿ᨐࠍ Fig.3-2 ߦ␜ߔ㧚ߎ
ࠇࠃࠅ㧘ゲฃߩ೰ᕈࠍ㜞߼ߡ߽ෂ㒾ㅦᐲࠍ㜞߼ࠆലᨐߪᦼᓙߢ߈ߥ޿ߣ⠨߃ࠄࠇࠆ㧚એ਄ߩ⚿ᨐ
߆ࠄ㧘ታ㓙ߦࠛࡦࠫࡦࠍ㚟േߔࠆ㓙ߦߪ㧘1) ቯᩰ࿁ォᢙࠍਅߍࠆ㧚2)ゲ㐳ࠍ⍴ߊߔࠆ㧚ߣ޿ߞߚ
ኻ╷߇ᔅⷐߢ޽ࠅ㧘ᦝߦߪ 3)ቯᩰ࿁ォᢙࠍੑᰴߩෂ㒾ㅦᐲࠃࠅ߽㜞ߊߔࠆᔅⷐ߽޽ࠆߎߣ߇ಽ߆
ߞߚ㧚 
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Table.1 physical value of1st Fan and LP Turbine 
  1st Fan LP Turbine 
Material  Ti-6Al-4V INC0718 
ǹ kg/m3 4470 8230 
m kg 1.282 2.366 
Ip kg䍃mm2 1575.8 4858.5 
Id kg䍃mm2 2632.9 2907.8 
 
 
Table.2 The effects of the number of segments 
㩷  20 Division  25 Division 30 Division
1st Mode 14224.8[rpm] 14270.8[rpm] 14158.9[rpm]
2nd Mode 45288.8[rpm] 45120.5[rpm] 45083.1[rpm]
3rd Mode 71997.4[rpm] 72266.8[rpm] 72323.9[rpm]
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Fig.3-1 ゲᓘߣゲ㐳ߦኻߔࠆෂ㒾ㅦᐲ         Fig.3-2 ߫ߨቯᢙߦኻߔࠆෂ㒾ㅦᐲ 
 
 
㪌㪅㩷⚿⸒㩷
ᧄ⎇ⓥߦ߅޿ߡૐ࿶࠲࡯ࡆࡦゲ♽ߩᝄേ⸃ᨆࠍⴕߞߚ⚿ᨐ㧘ෂ㒾࿁ォᢙ߇ࠛࡦࠫࡦቯᩰ࿁ォᢙ
ઃㄭߦ޽ࠅ㧘቟ోߥㆇォࠍⴕ߁ߦߪ㧘ゲ㐳 400[mm]㧘㐳ߊߡ߽ 450[mm]ߦߒߥߌࠇ߫ߥࠄߥ޿ߎ
ߣ߇್᣿ߒߚ㧚ߒ߆ߒ㧘ߎߩゲ㐳ߢ޽ࠆߣ㧘Ά὾ེߩᕈ⢻⏕଻ 1)߇㔍ߒߊߥࠆน⢻ᕈ߇޽ࠆ㧚 
੹࿁⸳ቯߒߚ⸳⸘ὐߢࠛࡦࠫࡦࠍㆇ↪ߒࠃ߁ߣߔࠆߣ㧘Ά὾ེࠍࠦࡦࡄࠢ࠻ߦ⸳⸘ߒߥߌࠇ߫
ߥࠄߥ޿㧚৻ᣇ㧘Ά὾ེߩࠨࠗ࠭ࠍ⏕଻ߔࠆߦߪ࿁ォᢙࠍਅߍߥߊߡߪߥࠄߕ㧘ߘࠇߦ઻ߞߡ㧘
ᣂߒ޿⸳⸘ὐߢᕈ⢻߇⊒ើߢ߈ࠆࠃ߁ߥࡈࠔࡦߣ࠲࡯ࡆࡦࠍ⸳⸘ߒߥ߅ߔᔅⷐ߇಴ߡ߈ߚ㧚ᦝߦ
ߪ㧘ቯᩰ࿁ォᢙࠍੑᰴߩෂ㒾ㅦᐲએ਄ߦ⸳ቯߔࠆߎߣ߽ᗐቯߐࠇࠆ㧚 
 
ෳ⠨ᢥ₂㩷
1) ⼱↰ᅢㅢ࡮㐳ፉ೑ᄦ㧘ࠟ ࠬ࠲࡯ࡆࡦࠛࡦࠫࡦ㧘ᦺୖᦠᐫ㧘ೋ ╙ 2೚⊒ⴕ㧘(2001)12-10㧘pp.41-63 
2) ጊ↰ᢅ↵࡮⍹↰ᐘ↵㧘࿁ォᯏ᪾ߩജቇ㧘ࠦࡠ࠽␠㧘ೋ ╙ 1 ⊒ⴕ㧘(2001), 615, pp.291-315㧚 
3) ૒⮮⑲♿࡮ጟㇱ૒ⷙ৻࡮ጤ↰૫㓶㧘Ṷ⠌ᯏ᪾ᝄേቇ㧘ࠨ ࠗࠛࡦࠬ␠㧘ೋ ╙ 5೚⊒ⴕ㧘(2004)1-25㧘
pp.51-54࡮pp.122-131  
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ᾲಽ⸃ๆᾲ෻ᔕΆᢱ䈮䉋䉎ๆᾲ㊂䈱᷹ቯ䈮㑐䈜䉎⎇ⓥ㩷䋭㩷⎇ⓥᚑᨐႎ๔㩷
㩷
᫜ᰴ㩷ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
᧲㊁㩷๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
Ḋ㩷੫ੑ㇢䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ഥᢎ䋩㩷
㜞ᯅ㩷 ዁ੱ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
䂾㩷 㩷 㩷⏷↰㩷 ᶈᔒ䋨⥶ⓨቝቮ䉲䉴䊁䊛Ꮏቇኾ᡹㩷 ⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
㩷
㩷
㪈㪅㩷⎇ⓥ᭎ⷐ䊶⋡⊛㩷
ᰴ਎ઍߩቢోౣ૶↪ဳቝቮᓔㆶᯏߦߪⓨ᳇ๆㄟߺᑼࠛࡦࠫࡦߩ៞タ߇⸘↹ߐࠇߡ߅ࠅ㧘ߘߩΆ
ᢱߣߒߡᶧ૕᳓⚛ߩ೑↪߇ᵈ⋡ߐࠇߡ޿ࠆ㧚ᶧ ૕᳓⚛ߪ⚂ 20 Kߩᭂૐ᷷Άᢱߢ޽ࠆߎߣ㧘Ყᾲ߇
ᄢ߈޿ߎߣ߆ࠄ಄ළߣߒߡߩ⢻ജߦఝࠇߡ޿ࠆ㧚ߒ߆ߒ㧘ᭂૐ᷷㧘ૐኒᐲߢ޽ࠆ߇ࠁ߃ߦ⾂⬿࡮
ㆇ៝ߥߤขᛒߦ㔍ὐ߇޽ࠆ㧚 
৻ᣇ㧘ᾲಽ⸃ๆᾲ෻ᔕΆᢱ㧔Endothermic Fuel ; EF㧕ߣ๭߫ࠇࠆ὇ൻ᳓⚛♽ΆᢱߪᏱ᷷Άᢱߢ޽
ࠅߥ߇ࠄ㧘700 Kએ਄ߩ㜞᷷ⅣႺਅߢᾲಽ⸃ๆᾲ෻ᔕࠍ␜ߔߎߣ߇⍮ࠄࠇߡ޿ࠆ㧚ߎߩᾲಽ⸃ๆ
ᾲ෻ᔕࠍ᦭ߔࠆ EF ࠍ಄ᇦߣߒߡ೑↪ߔࠆౣ↢಄ළࠪࠬ࠹ࡓߪ㊀ⷐߥၮ⋚ᛛⴚߣߒߡ૏⟎ߠߌࠄ
ࠇߡ޿ࠆ㧚ߒ߆ߒ㧘1)὇ൻ᳓⚛ߩᾲಽ⸃ᯏ᭴ߩᄙߊ߇ᧂ⸃᣿ߢ޽ࠅ㧘ๆᾲ㊂ߩቯ㊂⊛ߥ⹏ଔ߇࿎
㔍ߢ޽ࠆߎߣ㧘2)ᾲಽ⸃෻ᔕߦࠃߞߡ὇⚛߇ᨆ಴ߒΆᢱଏ⛎߿ๆᾲવᾲ․ᕈߦᖡᓇ㗀ࠍ෸߷ߔߎ
ߣߥߤ߇໧㗴ߣߒߡ᜼ߍࠄࠇࠆ[1]㧚 
ᧄ⎇ⓥߢߪ Ni⸅ᇦߩ߽ߣ⚂ 500 Kߢᾲಽ⸃߇⿠ߎࠆࡔ࠲ࡁ࡯࡞ࠍଏ⹜ᶧߣߒ[2]㧘ߘߩቯ㊂⊛
ߥๆᾲ㊂ࠍ᷹ቯߢ߈ࠆⵝ⟎ࠍ⸳⸘࡮⵾૞ߔࠆ㧚ߘߎߢ߹ߕ㧘ࡔ࠲ࡁ࡯࡞ࠍ૶↪ߔࠆ೨ߦ᳓ࠍ↪޿
ߡታ㛎ࠍⴕ޿㧘ᓧࠄࠇߚ࠺࡯࠲߆ࠄࡔ࠲ࡁ࡯࡞ߦᾲಽ⸃߇ߥ޿ߣߒߚ႐วߩផ▚ࠍⴕ߁㧚 
 
㪉㪅㩷ታ㛎ⵝ⟎㩷
࿑ 2-1㧔a㧕ߦ␜ߔ᭎⇛࿑ߢߪ㧘਄ᵹ஥߆ࠄࠪ࡝ࠦࡦࠝࠗ࡞ࡅ࡯࠲࡯㧘⍹ᴤࡅ࡯࠲࡯㧘㔚᳇Ἱߣ
ߥߞߡ޿ࠆ㧚ࠪ࡝ࠦࡦࠝࠗ࡞ࡅ࡯࠲࡯ౝߩࠪ࡝ࠦࡦࠝࠗ࡞࠲ࡦࠢߦᛩ౉ߒߡ޿ࠆᛩߍㄟߺࡅ࡯࠲
࡯㧔౎శ⵾ BAB1220㧕ߪ㧘ࠪ࡯ࠤࡦࠨ㧔ࠠ࡯ࠛࡦࠬ⵾ KV-1000㧕ߦࠃߞߡ⸳ቯ᷷ᐲߦኻߒߡ
ON/OFF೙ᓮࠍⴕ߁㧚߹ߚ⍹ᴤࡅ࡯࠲࡯ߪ㧘CORONA⵾ GH-B170F㧔ᥦᚱ಴ജ 17.4 kW㧕ߩ⍹ᴤ
ࠬ࠻࡯ࡉߣ㌃㈩▤㧔⍹ᴤࠬ࠻࡯ࡉ๟ࠅߩ㐳ߐ 12260 mm, ౉ญ⋥✢ㇱ 300 mm, ಴ญ⋥✢ㇱ 320 mm, 
⸘ 12880 mm㧕߆ࠄ᭴ᚑߐࠇߡ޿ࠆ㧚ᰴߦ㔚᳇ࡅ࡯࠲࡯ߪశᵗࠨ࡯ࡕࠪࠬ࠹ࡓ⵾ KTF-050N1ࠍ↪
޿ߡ޿ࠆ㧚߹ߚ࿑ 2-2 ߦ␜ߔਥടᾲ▤ߪ㧘ඨᓘᣇะߦᾲ㔚ኻ㧔࠴ࡁ࡯⵾ K ဳࠪ࡯ࠬᾲ㔚ኻ㧕ࠍ
ᝌ౉ߔࠆߎߣߦࠃࠅ㧘ਥടᾲ▤ߩᄖ஥ߣౝ஥ߩ᷷ᐲࠍߘࠇߙࠇゲᣇะߦ 5ὐߕߟ⸘᷹ߢ߈ࠆࠃ߁
ߦߥߞߡ޿ࠆ㧚߹ߚ㧘ߘߩਅᵹߦ⸳⟎ߒߚࠝ࡝ࡈࠖࠬߦࠃߞߡ࠴࡚࡯ࠢߐߖࠆߎߣߦࠃࠅ࠴࡚࡯
ࠢᵹ㊂ࠍ᳞߼ࠆ㧚 
 
㪊㪅㩷ታ㛎෸䈶⸃ᨆ㩷
㪊㪅㪈㩷 㩷ታ㛎᭎ⷐ㩷
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⴫ 3-1 ታ㛎᧦ઙ 
 ᧦ઙ ⋡⊛ 
No.1 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 2.00 mm㧔ታ
᷹୯ 2.00 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
450͠ 
㔚᳇Ἱ⸳ቯ᷷ᐲߩਅ㒢୯ࠍ⷗ߟߌ㧘ߘߩߣ߈ߩਥ
ടᾲ▤౉ญ࡮಴ญ᷷ᐲߩ㑐ଥࠍ᳞߼ࠆ㧚 
No.2 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 2.00 mm㧔ታ
᷹୯ 2.00 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
500͠ 
㔚᳇Ἱߩ⸳ቯ᷷ᐲࠍ 500͠ߣߒߚ႐วߢߩ㧘ᵹ૕
ߦᵹ౉ߔࠆᾲ㊂ࠍ⹏ଔߔࠆߚ߼ߦ㧘ਥടᾲ▤౉ญ
಴ญ᷷ᐲ࡮࿶ജ㧘ਥടᾲ▤ოౝ᷷ᐲ╬ߩ᷹ቯࠍⴕ
ߥ߁㧚 
No.3 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 2.00 mm㧔ታ
᷹୯ 2.00 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
550͠ 
㔚᳇Ἱߩ⸳ቯ᷷ᐲࠍ 550͠ߣߒߚ႐วߢߩ㧘ᵹ૕
ߦᵹ౉ߔࠆᾲ㊂ࠍ⹏ଔߔࠆߚ߼ߦ㧘ਥടᾲ▤౉ญ
಴ญ᷷ᐲ࡮࿶ജ㧘ਥടᾲ▤ოౝ᷷ᐲ╬ߩ᷹ቯࠍⴕ
ߥ߁㧚 
No.4 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 2.00 mm㧔ታ
᷹୯ 2.00 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
600͠ 
㔚᳇Ἱߩ⸳ቯ᷷ᐲࠍ 600͠ߣߒߚ႐วߢߩ㧘ᵹ૕
ߦᵹ౉ߔࠆᾲ㊂ࠍ⹏ଔߔࠆߚ߼ߦ㧘ਥടᾲ▤౉ญ
಴ญ᷷ᐲ࡮࿶ജ㧘ਥടᾲ▤ოౝ᷷ᐲ╬ߩ᷹ቯࠍⴕ
ߥ߁㧚 
No.5 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 3.00 mm㧔ታ
᷹୯ 2.99 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
600͠ 
ࠝ࡝ࡈࠖࠬᓘࠍ 3 mm ߣߒ㧘㔚᳇Ἱߩ⸳ቯ᷷ᐲ
600͠ߣߒ㧘ࠝ ࡝ࡈࠖࠬᓘ 2 mmߩ႐วߣߩᲧセࠍ
ⴕߥ߁㧚 
No.6 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 4.00 mm㧔ታ
᷹୯ 3.99 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
600͠ 
ࠝ࡝ࡈࠖࠬᓘࠍ 4 mm ߣߒ㧘㔚᳇Ἱߩ⸳ቯ᷷ᐲ
600͠ߣߒ㧘ࠝ ࡝ࡈࠖࠬᓘ 2 mmߩ႐วߣߩᲧセࠍ
ⴕߥ߁㧚 
 
ᧄታ㛎ߢߪ᳓ࠍଏ⹜ᶧߣߒ㧘᧦ઙࠍ⴫ 3-1ߩࠃ߁ߦ⸳ቯߒⴕߞߚ㧚ᵹ㊂ߦߟ޿ߡߪࠝ࡝ࡈࠖ 㧔ࠬࠝ
࡝ࡈࠖࠬᓘ 4 mm㧘3 mm㧘2 mm㧕ߦࠃߞߡ࠴࡚࡯ࠢᵹ㊂ߣߒฦޘߩࡅ࡯࠲࡯ߦࠃߞߡ⋡ᮡߩ᷷ᐲ
߹ߢㆊᾲߒߚ㧚ߐࠄߦടᾲ▤ߩౝო஥࡮ᄖო஥ߘࠇߙࠇ 5ὐߦᾲ㔚ኻࠍᝌߒ㧘ߘߩὐߩౝო஥᷷
ᐲ࡮ᄖო஥᷷ᐲࠍ⸘᷹ߒ㧘ߘߩ᷷ᐲᏅࠍ⏕⹺ߒߚ㧚 
 
㪊㪅㪉㩷⸃ᨆ᭎ⷐ㩷
᳓ࠍ↪޿ߚታ㛎ߦࠃߞߡᓧࠄࠇߚ࠺࡯࠲ࠍࡔ࠲ࡁ࡯࡞ߩ႐วߩផ▚ߦ↪޿ࠆߚ߼ߦ㧘ታ㛎ߦࠃ
ࠅᓧࠄࠇࠆฦ୯ߣ⸃ᨆ⊛ߦ᳞߼ࠄࠇࠆ୯ࠍᲧセߔࠆߎߣߢ⵬ᱜଥᢙࠍ᳞߼ࠆ㧚ߘߩ⵬ᱜଥᢙࠍࡔ
࠲ࡁ࡯࡞ߩ႐วߦㆡ↪ߔࠆߎߣߢ㧘ࡔ࠲ࡁ࡯࡞ߩ႐วߩផ▚ߣߔࠆ㧚 
 
㪋㪅㩷⚿ᨐ㩷
㪋㪅㪈㩷ታ㛎⚿ᨐ㩷
ታ㛎⚿ᨐ଀ߣߒߡ No.6ߩታ㛎ߦߟ޿ߡ␜ߔ㧚ታ㛎ߦࠃߞߡᓧࠄࠇߚ⸃ᨆ୯ߣᢙ୯⸃ᨆ୯ߦࠃࠆ
⵬ᱜଥᢙࠍએਅ⴫ 4-1ߦ␜ߔ㧚 
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㻠㻚㻞㻌 䝯䝍䝜䞊䝹䛾ሙྜ䛾᥎⟬⤖ᯝ㻌
୺ຍ⇕⟶࡟࠾ࡅࡿ㸪⇕ఏ㐩⋡㸪୺ຍ⇕⟶ෆ ᗘᕪ࡟ࡘ࠸࡚ No.6ࡢᐇ㦂⤖ᯝࢆ⏝࠸࡚᥎⟬ࢆ⾜࡞
࠺㸬ࡲࡓྛ್ࢆ᥎⟬ࡍࡿ㝿࡟ࡣ㸪୺ຍ⇕⟶ࡢධཱྀ ᗘࡀ 570 K࡛࠶ࡾ㸪ᅽຊࡀ⣙ 350 kPaA࡛࠶ࡿ
ࡇ࡜࠿ࡽ㸪ࡑࡢ ᗘ࣭ᅽຊ࡛ࡢ≀ᛶ್ࢆ⏝࠸ࡿ㸬ࡲࡎ㸪⇕ఏ㐩⋡࡟ࡘ࠸࡚ࡢ᥎⟬⤖ᯝࢆᅗ 4-4 ࡟
♧ࡍ㸬⇕ఏ㐩⋡ࡣゎᯒ್ࡢ⣙ 80㹼120 %ࢆ♧ࡍࡇ࡜ࡀศ࠿ࡿ㸬ࡑࡢࡓࡵ࣓ࢱࣀ࣮ࣝࡢ᥎⟬࡟ࡣ㸪
ࡇࡢ⿵ṇಀᩘࢆ⏝࠸ࡿ㸬 
ḟ࡟୺ຍ⇕⟶ෆቨഃእቨഃ ᗘᕪ࡟ࡘ࠸࡚ࡣ㸪㟁Ẽ⅔ࡢタᐃ ᗘࡢ᮲௳࡛ྠ⛬ᗘࡢ ᗘᕪࡀࡘ
ࡃ࡜࠸࠺⤖ᯝࡀ࠼ࡽࢀࡓ㸬ࡇࡢࡇ࡜࠿ࡽ㸪୺ຍ⇕⟶ෆࡢ ᗘᕪࢆ 5 K௨ୖ࡟ࡍࡿሙྜ㸪ὶ㔞ࡣ⣙
1.2㹼3.2 g/sࡢ⠊ᅖࡢὶ㔞ࢆ࡜ࡿࡇ࡜࡛ᡂࡋ࠼ࡿ࡜࠸࠼ࡿ㸬 
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ᅗ 4-1 V1ࢆ㛤ࡁጞࡵ࡚࠿ࡽࡢ୺ຍ⇕⟶ධཱྀ࣭ฟཱྀ㸪࢜ࣜࣇ࢕ࢫฟཱྀ ᗘ 
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⴫ 4-1 ⾰㊂ᵹ㊂㧘ਥടᾲ▤ߦવࠊࠆᾲ㊂㧘ᾲવ㆐₸㧘࿶ജ៊ᄬߩታ㛎୯㧘⸃ᨆ୯෸߮⵬ᱜଥᢙ 
 ⾰㊂ᵹ㊂  
[g/s] 
વᾲ㊂ 
[W] 
(kJ/kg) 
ᾲવ㆐₸ 
[W/m2K] 
಴ญ᷷ᐲ 
[͠] 
(K) 
࿶ജ៊ᄬ [kPa] 
'P1 'P2 'P3 
ታ㛎୯ 1.76 485.25 
(275.77) 
202.23 391.66 
(664.81)㩷
3.25 19.14 4.99 
⸃ᨆ୯ 㧙 (103.4) 173.44 (778)㩷 0.60 5.19 0.50 
⵬ᱜଥᢙ 㧙 2.67 1.17 0.85 5.44 3.69 9.90 
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     ࿑ 4-4 ᾲવ㆐₸ߩផ▚⚿ᨐ         ࿑ 4-5 ਥടᾲ▤ౝო஥ᄖო஥᷷ᐲᏅ 
 
 
㪌㪅㩷 䉁䈫䉄㩷
ᧄ⎇ⓥߢߪᾲಽ⸃ࠍ઻߁ๆᾲ㊂ࠍ⹏ଔߔࠆߎߣߦ⌕⋡ߒ㧘Ni⸅ᇦࠍ↪޿ࠆߎߣߢᲧセ⊛ૐ޿᷷
ᐲߢᾲಽ⸃ࠍ⿠ߎߔࡔ࠲ࡁ࡯࡞ߩ೑↪ࠍᗐቯߒߚ㧚ߘߎߢ߹ߕടᾲ⹜㛎ⵝ⟎ࠍ⵾૞ߒ㧘᳓ࠍ↪޿
ߡታ㛎ࠍⴕ޿㧘ߘߩታ㛎ⵝ⟎ߩ᦭↪ᕈߩ⏕⹺ࠍⴕߞߚ㧚 
ߘߩ⚿ᨐ㧘ᢙ୯⸃ᨆ୯ߩ⚂ 80㨪120 %ߩ▸࿐ߦ฽߹ࠇࠆߎߣ߇ࠊ߆ࠅ㧘ࡔ࠲ࡁ࡯࡞ߩ႐วߢ߽
᦭↪ߢ޽ࠆߎߣ߇␜ߐࠇߚ㧚੹ᐕᐲⴕߞߚߩߪ᳓ࠍ↪޿ߡታ㛎ߒߡᓧࠄࠇߚ⚿ᨐ߆ࠄផ▚ߐࠇࠆ
ࡔ࠲ࡁ࡯࡞ߩ႐วߢ޽ࠆߩߢ㧘੹ᓟታ㓙ߦᵹߒߡߘߩᢙ୯ߩᢛวᕈࠍᬌ⸽࡮⹏ଔߔࠆᔅⷐ߇޽ࠆ㧚 
 
⻢ㄉ㩷
ᧄ⎇ⓥߩടᾲ⹜㛎ⵝ⟎ߩ⵾૞෸߮㧘ടᾲ⹜㛎ߩታᣉߦᣈ߈߹ߒߡ᦭㒢ળ␠ࡀ࠶࠷ߩਛ᧛⑲৻᭽㧘
㘵Ⴆ୶዆᭽ߣห␠ߩᓥᬺຬߩ⊝᭽ࠃࠅ㧘ᄙᄢߥࠆߏදജߣߏዧജࠍ⾦ࠅ߹ߒߚ㧚 
ߏᡰេ㧘ߏදജࠍ㗂߈߹ߒߚోߡߩ⊝᭽ߦ㧘ᷓߊᗵ⻢ߩᗧࠍ⴫ߒ߹ߔ㧚 
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ෳ⠨ᢥ₂㩷
[1] L.S.Ianovski, V.A.Sosounov, Yu.M.ShinkHman, “THE APPLICATION OF ENDOTHERMIC FUEL 
FOR HIGH SPEED PLOPULSION SYSTEMS”, Aiaa paper, ISABE 97-7007, 1997. 
[2] 㜞ᵴᕈߥࡔ࠲ࡁ࡯࡞ಽ⸃⸅ᇦߩ㐿⊒㧘http://www.techno-qanda.net/dsweb/Get/Document-4941/
420901.PDF 
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వ┵䊨䉬䉾䊃Ά὾ቶ䈱⵾ㅧᣇᴺ䈱⎇ⓥ㩷 ․䈮 㪥㫀 ว㊄㔚㍌⚛᧚䈮䈧䈇䈩㩷
㩷 䋭㩷⎇ⓥᚑᨐႎ๔䋨ቶ⯗Ꮏᬺᄢቇ 㪉㪈 ਎♿⑼ቇ⎇ⓥ䋩㩷
㩷
䂾㩷 㩷 ᧲㊁㩷๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷ᢎ᝼䋩㩷
㚤ፒ㩷ᘕ৻䋨᧚ᢱ‛ᕈᎿቇ⑼㩷ಎᢎ᝼䋩㩷
㩷
㩷
㪈㪅㩷 ⎇ⓥ᭎ⷐ䊶⋡⊛㩷
ࡠࠤ࠶࠻ࠛࡦࠫࡦߩਥ᭴ᚑᯏེߢ޽ࠆΆ὾ቶ⵾ㅧߦ߅޿ߡߪ㜞ᒝᐲߢ⠴ⲁᕈࠍᜬߟ࠾࠶ࠤ࡞
㔚㍌߇ណ↪ߐࠇߡ޿ࠆ㧚ߎࠇߪ⇣⒳㊄ዻ㧔㌃♽㧕ߣߩኒ⌕ᕈ߇㜞ߊ߆ߟ⇇㕙ᒝᐲߪ⚛᧚એ਄ߦ㜞
޿ߎߣߦࠃࠆ㧚ߒ߆ߒࡠࠤ࠶࠻Ά὾ቶߪߘߩ⵾ㅧㆊ⒟ߢࡑ࠾ࡎ࡯࡞࠼ขઃ߇ᔅⷐߢ޽ࠅ㧘ߘߩធ
วᤨߦ࠾࠶ࠤ࡞㔚㍌⵾ᄖ╴ߦࡠ࡯ઃߌ߿㧱㧮㨃ߥߤߩᎿ⒟ᤨߩᾲ⽶⩄߇߆߆ࠆ㧚৻⥸⊛ߦ࠾࠶ࠤ
࡞㔚㍌ߪ ͠એ਄ߢ὾㊰ߔࠆߣ㧘⚿᥏☸ሶߩ☻ᄢൻ㧘෸߮ਇ⚐‛ߩ஍ᨆ߇⿠ߎࠅ㧘⚵❱߿‛ℂ
⊛ᯏ᪾⊛ᕈ⾰߽ᄌൻࠍ␜ߔ㧚ߘߩ⚿ᨐ㧘ᾲߩᓇ㗀ߦࠃࠅṁធᣇะߦ੉ⵚ߇↢ߓߚࠅߒ㧘ߎࠇߪ㜞
᷷ߦࠃࠆ߭ߕߺ߇ૐ޿ߚ߼ߩᾲᔕജߣ㜞᷷ߦࠃࠆ⣀ൻ߇㊀ߥࠆߎߣߢᒁ߈⿠ߎߐࠇࠆ㧚
ߎࠇߦኻߒߡ⸃᳿ᚻᲑߣߒߡ㧘࠾࠶ࠤ࡞㔚㍌ਛߦ⊒↢ߔࠆࠕ࠱ࠫࠬ࡞ࡎࡦ㉄ߩࠗࠝ࠙ᚑಽߣ࠾
࠶ࠤ࡞ࠗࠝࡦߩ౒᛬ߒߚ⎫ൻ࠾࠶ࠤ࡞ߩ⊒↢㒐ᱛ
߇᦭ലߢ޽ࠆߣ⠨߃ࠆ㧚࿑㧝ߦว㊄㔚㍌ߩᾲಣℂ
᷷ᐲߣᯏ᪾⊛ᕈ⾰ࠍ␜ߔ㧚ว㊄࠾࠶ࠤ࡞㔚㍌ߩ㜞
᷷ᤨߢߩᒁᒛᒝᐲߢ޽ࠆ߇㧘ࡑࡦࠟࡦࠍ฽᦭ߒߚ
ว㊄㔚㍌ߪ㜞᷷ᒝᐲ߇㜞޿ߎߣ߇ࠊ߆ࠆ㧚ߎࠇߪ㧘
࠾࠶ࠤ࡞ߣ౒᛬ߒߚࡑࡦࠟࡦ߇㜞᷷ߦ㓙ߒఝవ⊛
ߦ⎫㤛ߣ⚿วߒ㧘⎫ൻ࠾࠶ࠤ࡞ߩ⣀޿⚿᥏☸⇇ߩ
ᒻᚑࠍ㒐޿ߢ޿ࠆߣ⠨߃ࠄࠇࠆ㧚ᧄ⎇ⓥߪᾲ⽶⩄
ߦኻߒ㧘࠾࠶ࠤ࡞㨯ࡑࡦࠟࡦߩว㊄㔚㍌ߦߟ޿ߡ৻
⥸ߩ㎊ㅧ࠾࠶ࠤ࡞ߣห᭽ߦṁធߔࠆߎߣ߇น⢻ߢ㧘
ᯏ᪾⊛࡮‛ℂ⊛ᕈ⾰߽ࠃ޿߽ߩࠍ⹜૞ߒᬌ⸽ߒߡ㧘
ㄭᧂ᧪ߩࡠࠤ࠶࠻ࠛࡦࠫࡦΆ὾ቶߩ⵾ㅧᣇᴺߦㆡ
↪น⢻߆ࠍ┙⸽ߔࠆ㧚
 
㪉㪅㩷 ⹜㛎ౝኈ䈫⚿ᨐ㩷
㪉㪅㪈㩷 ว㊄㔚㍌䈱ㆬቯ㩷
 ౣ↢಄ළᑼΆ὾ቶ⵾ㅧߩߚ߼ߦ᳞߼ࠄࠇࠆ㔚㍌ߩ᧦ઙࠃࠅว㊄㔚㍌୥⵬ࠍᮨ⚝ߒߚ⚿ᨐ㧘࠾࠶
ࠤ࡞࠲ࡦࠣࠬ࠹ࡦ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌߇୥⵬ߣߒߡ⠨߃ࠄࠇߚ㧚ߘߎߢ࠾࠶ࠤ࡞࠲ࡦࠣࠬ࠹
ࡦᶎ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦᶎࠍߘࠇߙࠇᑪᶎߒ㧘ࠬࡄࠗ࡜࡞ᔕജ⸘ߦࠃࠅౝㇱᔕജࠍ᷹ቯߒߚ㧚ߘ
ߩ⚿ᨐ㧘࠾࠶ࠤ࡞࠲ࡦࠣࠬ࠹ࡦ㔚㍌ߪ⤘ࠇ߿೸߇ࠇࠍ↢ߓ㧘ෘઃߌ߇࿎㔍ߣ⠨߃ࠄࠇߚ㧚ߘߎߢ
ᧄ⎇ⓥߢߪว㊄㔚ᩇߣߒߡ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ࠍណ↪ߒߚ㧚 
 
࿑ 1 ࡑࡦࠟࡦ฽᦭㊂ߣᒁᒛᒝᐲ
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㪉㪅㪉㩷 ෘઃ䈔㔚㍌䋨㪏㫄㫄એ਄䋩䈱ᚑ┙ᕈ⏕⹺㩷
 ਄⸥ว㊄㔚㍌ߩㆬቯߦ߅޿ߡ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ߪ࿶ઃߌ㔚㍌ࠍታᣉߢ߈ࠆน⢻ᕈ߇⷗಴
ߐࠇߚ㧚ߘߎߢታ㓙ߦ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ߩෘઃߌࠍታᣉߒ㧘ෘઃߌน⢻߆ࠍ್ᢿߒߚ㧚࿑ 2
ߦ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ߩෘઃߌ࠹ࠬ࠻ࡇ࡯ࠬࠍ␜ߔ㧚ห࿑߆ࠄࠊ߆ࠆࠃ߁ߦ㧘࠾࠶ࠤ࡞ࡑࡦࠟ
ࡦ㔚㍌ߪචಽߦෘઃߌน⢻ߢ޽ࠆߎߣ߇ࠊ߆ߞߚ㧚 
 
 
  
 (a)࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ෘઃߌ⚿ᨐ  (b)࠹ࠬ࠻ࡇ࡯ࠬኸᴺ 
࿑ 2 ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ෘઃߌ⚿ᨐ 
 
㪉㪅㪊㩷 ᒁᒛ⎕ᢿ⹜㛎㩷
 ᒁᒛ⎕ᢿ⹜㛎⚿ᨐ৻ⷩࠍ⴫ 1 ߦ␜ߔ㧚߹ߚ㧘࿑ 2 ߦ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌⹜㛎 ߦߟ޿ߡⴕ
ߞߚᔕജ㧙ᱡߺ✢࿑ࠍ␜ߔ㧚ᒁᒛ⎕ᢿ⹜㛎⚿ᨐࠃࠅ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌⚛᧚ߩᒁᒛᔕജߪ
⹜㛎 ෘߺ߇ዊߐ޿႐วߢ߽ 743MPa⒟ᐲ޽ࠅ㧘࠾࠶ࠤ࡞㔚㍌᧚ߩᒁᒛᔕജ 416MPaࠍߪࠆ߆ߦ
ಒߋ⚿ᨐ߇ᓧࠄࠇߚ㧚 
 
⴫ 1 ᒁᒛ⎕ᢿ⹜㛎⚿ᨐ৻ⷩ 
ෘߐ ᏷ ᦨᄢὐ⩄㊀ ᦨᄢὐᔕജᦨᄢὐિ߮ᦨᄢὐિ߮
⹜㛎 ⇟ภ
OO OO 0 /2C OO 
      
      
      
      
      
      
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࿑ 3 ࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ ᔕജ㧙ᱡߺ✢࿑ 
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    
 (a)⩄㊀㧙⩄㊀✢਄ᄌ૏ᦛ✢ (b)SP⹜㛎ᓟశቇ㗼ᓸ㏜౮⌀ 
࿑ 4 SP⹜㛎⚿ᨐ 
 
㪉㪅㪋㩷 㪪㪧 ⹜㛎⚿ᨐ㩷
 ࿑ 4ߦ SP⹜㛎⚿ᨐࠍ␜ߔ㧚ห࿑ࠃࠅ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌᧚ߪ SP⹜㛎ߢᒁᒛ⎕ᢿ⹜㛎⋧ᒰ
ߩ․ᕈ߇⷗ࠄࠇ㧘ᦝߦEPMAಽᨆࠍታᣉߒߚ⚿ᨐ߆ࠄࡑࡦࠟࡦߩㇱಽ⊛Ớൻ߇ⷰኤߐࠇߥ޿ߚ߼㧘
ᚑಽߩဋ৻ᕈ߇⏕⹺ߐࠇߚ㧚 
 
㪊㪅㩷 䉁䈫䉄㩷
ᒛ⎕ᢿ⹜㛎࡮⎬ᐲ᷹ቯ⚿ᨐࠃࠅ㧘࠾࠶ࠤ࡞ࡑࡦࠟࡦ㔚㍌ߪ㕖Ᏹߦ㜞ᒝᐲߢિ߽߮޽ࠆว㊄㔚㍌
ߢ޽ࠆߎߣ߇ࠊ߆ߞߚ㧚߹ߚ㧘EPMAಽᨆߦࠃࠅర⚛ಽᨆࠍታᣉߒ㧘㔚㍌ᶧ⚵ᚑߣว㊄㔚㍌⚵❱
ߩ⋧㑐㑐ଥࠍ⺞ᩏߒߚ㧚ߘߩ⚿ᨐ㧘㔚㍌⚵ᚑߩဋ৻ൻ߇⏕⹺ߐࠇߚ㧚ߚߛߒ㧘੹࿁㔚㍌ᮏߪᓴⅣ
ᮏࠍ⸳ߌߕ⥄ᏆᓴⅣߢⴕߞߡ߅ࠅ㧘ቯ㊂ࡐࡦࡊࠍዉ౉ߒߚᶧ⵬ల⸳஻ࠍⵝ஻ߔࠆߎߣߢ㧘⚵❱߇
ဋ৻ߢ޽ࠆว㊄㔚㍌ߩౣ⃻ᕈ⏕଻߇ᦼᓙߐࠇࠆ㧚੹ᓟ㧘⵾ㅧᣇ 㧔ᴺࡑࡦࠟࡦߩ⵬⛎ᣇᴺ㧕ߩ⏕┙㧘
ઁߩ㊄ዻߣߩṁធᕈ߿Უ᧚㊄ዻߣߩኒ⌕ᕈ⏕⹺⹜㛎㧘㜞᷷ᒝᐲߩ࠺࡯࠲ขᓧࠍ⚻ࠆߎߣߢ㧘࠾࠶
ࠤ࡞ࡑࡦࠟࡦ㔚㍌᧚ߪ੹߹ߢߦߥ޿㜞᷷ᒝᐲߩ㜞޿ᣂ⚛᧚ว㊄ࠍ↢ߺ಴ߔᛛⴚߩ⏕┙ࠍ⋡ᜰߔ㧚 
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⻢ㄉ㩷
ᧄଏ⹜૕⵾ㅧߦ㧔ᩣ㧕㧺㧱㧳㧱㧺㨀 ⍹ᯅ೑ᐘ᭽㧘ᷰㆻᤘᒾ᭽ࠃࠅᄙᄢߥࠆߏදജߣߏዧജࠍ
ߚ߹ࠊࠅ߹ߒߚ㧚ᷓߊᗵ⻢޿ߚߒ߹ߔ㧚 
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⹜㛎ⵝ⟎ᢛ஻ႎ๔㩷䋭㩷ਛဳ⿥㖸ㅦ㘑ᵢ䈱⌀ⓨ䉺䊮䉪Ⴧ⸳㩷
㩷
䂾㩷 㩷 㩷 ᫜ᰴ㩷 ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
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㩷
ᐔᚑ㧝㧣ᐕᐲߦᣂ⸳ߒߚਛဳ⿥㖸ㅦ㘑ᵢߪޔᐕᰴ⸘↹ߢߘߩ⢻ജߣᯏ⢻ࠍ᜛లߒߡ߈ߚޕ․ߦޔ
ㅢ㘑ᤨ㑆ࠍ㐳ߊߔࠆߚ߼⌀ⓨ࠲ࡦࠢࠍᲤᐕ㧝ၮߕߟჇ⸳ߒߡ߅ࠅޔ੹ᐕᐲߪ࿑㧝ޔ㧞ߦ␜ߔࠃ߁
ߦ㧟ᯏ⋡ࠍჇ⸳ߒߚޕߎࠇߦࠃߞߡޔ᦭ലㅢ㘑ᤨ㑆ߪ㧡㨪㧤⑽ߦߥࠅޔฦ⒳ߩ⸘᷹ߦචಽߥᤨ㑆
߇⏕଻ߢ߈ࠆߎߣߦߥߞߚޕ੹ᓟޔᐔᚑ㧞㧝ᐕᐲ߹ߢᲤᐕ㧝ၮߕߟჇ⸳ߒޔᦨ⚳⊛ߦߪ㧡ၮߩ⌀
ⓨ࠲ࡦࠢࠍჇ⸳ߔࠆ⸘↹ߢ޽ࠆޕ߹ߚޔ⌀ⓨ࠲ࡦࠢߩჇ⸳ߦ઻ߞߡޔ⌀ⓨឃ᳇ⵝ⟎߽㧟ᯏߦჇ⸳
ߒޔੇ῎ⓨ᳇ࠍๆ޿ㄟ߻ߚ߼ߩࠛࠕ࡯ࡃ࠶߽ࠢⓨ᳇ๆ޿ㄟߺญߦ⸳ߌࠆ⸘↹ߢ޽ࠆޕ 
 
࿑㧝㧦ਛဳ⿥㖸ㅦ㘑ᵢߩ㧟ᰴర࿑ 
 
࿑㧞㧦㧟ၮ⋡ߩ⌀ⓨ࠲ࡦࠢߩ⸳⟎Ꮏ੐ 
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ቶᎿᄢਛဳ⿥㖸ㅦ㘑ᵢ䈮䉋䉎䉴䉺䊷䊁䉞䊮䉫䊨䊷䊄䈱⸘᷹㩷䋭㩷⎇ⓥᚑᨐႎ๔㩷
㩷
䂾㩷 㩷 㩷Ḋ㩷 ੫ੑ㇢䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ഥᢎ䋩㩷
Ḵ┵㩷 ৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
᪀↰㩷 ⠹᣿䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 ⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
㩷
㩷
㪈㪅㩷ᐨ⺰㩷
⿥㖸ㅦ㘑ᵢߢ㘧⠍૕ᮨဳߩⓨജ․ᕈࠍ⸘᷹ߔࠆߦߪ㧘6ಽജౝᝌᄤ⒊ߦࠃࠆ⸘᷹߇৻⥸ߦⴕࠊ
ࠇߡ޿ࠆ㧚⿥㖸ㅦ㘑ᵢ⹜㛎ߩ㓙ߦᄤ⒊ߦ૞↪ߔࠆⓨജ⩄㊀ߪ㧘ᆎേ⩄㊀㧔ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼㧕
ߣቯᏱ⩄㊀ߦᄢ೎ߐࠇࠆ㧚ߘߩ߁ߜ㧘ቯᏱ⩄㊀ߪ᳇ᵹ߇㕒ቯߒߚᓟߩଏ⹜૕ߦ૞↪ߔࠆⓨജ⩄㊀
ߢ޽ࠅ㧘ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߪㅢ㘑㐿ᆎ⋥ᓟߩㆊᷰ⊛ߥ㕖ቯᏱᵹߦࠃߞߡ⊒↢ߒߚ㧘ᮨဳ๟࿐
ߩ࿶ജᏅߦࠃࠆⴣ᠄⩄㊀ߩߎߣߢ޽ࠆ 1)㧚৻⥸⊛ߦቯᏱ⩄㊀ߦᲧߴߡࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩᣇ
߇⪺ߒߊᄢ߈ߊߥࠆߎߣ߇⚻㛎⊛ߦ⍮ࠄࠇߡ޿ࠆߚ߼㧘ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼߇ᄤ⒊ߩ⸵ኈ⩄㊀
ࠍ⿥߃ߥ޿ࠃ߁ߦᮨဳኸᴺ߿ㅢ㘑᧦ઙࠍ⸳ቯߔࠆߎߣ߇ᔅⷐߢ޽ࠆ㧚 
ᧄ⎇ⓥߢߪ㧘ቶ⯗Ꮏᄢߦᣂ⸳ߒߚ⿥㖸ㅦ㘑ᵢࠍ↪޿ߡࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ࠍ⸘᷹ߒ㧘หᤨߦ
㘑ᵢᆎേᤨߦ߅ߌࠆଏ⹜૕ߩ᜼േߣ᳇ᵹ⁁ᘒߩࠪࡘ࡝࡯࡟ࡦ↹௝ࠍ㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ߢ᠟ᓇߒ㧘
ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩቯ㊂⹏ଔߣ⊒↢ࡔࠞ࠾࠭ࡓߩ⸃᣿ࠍ⹜ߺߚ㧚 

㪉㪅㩷⹜㛎ⵝ⟎䈫⹜㛎ᣇᴺ㩷
ᧄ⹜㛎ߪ㧘ቶ⯗Ꮏᄢ⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯ߦ⸳⟎ߐࠇߚๆㄟߺᑼਛဳ⿥㖸ㅦ㘑ᵢߢ
ⴕߞߚ㧚ߎߩ㘑ᵢߩࡁ࠭࡞ࡉࡠ࠶ࠢߣ⸘᷹ቶߪ㧘ᣥ᧲ᄢቝቮ⥶ⓨ⎇ⓥᚲߩ⿥㖸ㅦ㘑ᵢߢ૶↪ߒߡ
޿ߚ߽ߩߢ޽ࠆ 2)㧚㘑ᵢଏ⹜૕ߦߪ㧘AGARD-BᮡḰᮨဳ 3)ࠍ૶↪ߒ㧘ߘߩ⢵૕⋥ᓘߪ 24 mm ߣ
⸳ቯߒߚ㧚⸘᷹㗄⋡ߪ㧘1) ଏ⹜૕ߦ૞↪ߔࠆ㕖ቯᏱߥ឴ജᣇะߩജ㧔ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼㧕ߩ
⸘᷹㧘2) 㘑ᵢ᷹ቯㇱߦ߅ߌࠆო㕙㕒࿶㧘3) 㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ߦࠃࠆଏ⹜૕ߩ᜼േߣ᳇ᵹߩࠪ
ࡘ࡝࡯࡟ࡦᤋ௝ߩ᠟ᓇࠍⴕߞߚ㧚ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߣო㕙㕒࿶࠺࡯࠲ߪ㧘LabView ࠍ੺ߒߡ
50kHzߩࠨࡦࡊ࡝ࡦࠣ๟ᵄᢙߢ㧘10kHzߩ Low Pass Filterࠍㅢߒߡࡄ࠰ࠦࡦߦขࠅㄟ߹ࠇࠆ㧚 
⸘᷹ᚻ㗅ߪ㧘ㅢ㘑㐿ᆎ 3⑽೨ߦ LabViewࠍ⿠േߐߖߡ࠺࡯࠲ߩ෼㍳ࠍ㐿ᆎߒ㧘ㅢ㘑㐿ᆎ 2⑽೨
ߦ㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ࠍࠬ࠲࡯࠻ߐߖߡㅢ㘑ࠍⴕ߁㧚᠟ᓇ㐿ᆎߣหᤨߦࠞࡔ࡜஥ࡄ࠰ࠦࡦ߆ࠄห
ᦼାภࠍ LabView஥ߩࡄ࠰ࠦࡦߦㅍߞߡ㧘㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ᤋ௝ߣ LabViewߩ࠺࡯࠲ߩᤨ㑆⊛
ߥหᦼࠍขࠆߎߣࠍ⹜ߺߚ㧚 

㪊㪅㩷⹜㛎⚿ᨐ㩷
Fig.1 ߦࡑ࠶ࡂ 3 ᧦ઙߢߩ㕒࿶ߣࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩᤨ㑆ጁᱧࠍ␜ߒ㧘Fig.2 ߦࡑ࠶ࡂ 3 ߩ
ᤨߩᦨᄢ⩄㊀߇૞↪ߒߚᤨߩ㜞ㅦᐲࠪࡘ࡝࡯࡟ࡦ౮⌀ࠍ␜ߒߚ㧚ᦨᄢ⩄㊀ࠍ␜ߔߩߪ Fig.2 ߦ⃻
ࠇߡ޿ࠆࠃ߁ߦ㧘਄ਅ㕖ኻ⒓ߥᢳ߼ⴣ᠄ᵄ߇ଏ⹜૕ߣᐓᷤߒߚᤨߢ޽ࠆ㧚ߎߩᤨ㧘ଏ⹜૕߇ᝄേ
ߒߡ޿ࠆߎߣ߇ಽ߆ࠆ㧚ߎߩ㕖ኻ⒓ᢳ߼ⴣ᠄ᵄ߇ଏ⹜૕ߣᐓᷤߔࠆߣ㧘ଏ⹜૕వ┵߆ࠄ㕖ኻ⒓౞
㍙ⴣ᠄ᵄ߇⊒↢ߒߡ㧘ଏ⹜૕๟࿐ߦ࿶ജᏅࠍ⊒↢ߐߖࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ࠍ⊒↢ߐߖࠆ߽ߩߣ
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⠨߃ࠄࠇࠆ㧚ߘߩᩮ᜚ߣߒߡ 1)ࡑ࠶ࡂ 2 ߢߩ⹜㛎ߢߪ㧘ᵹࠇ߇਄ਅኻ⒓ߢଏ⹜૕ߩᝄേ߽ߥߊ㧘
ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩ⛘ኻ୯߽ૐ߆ߞߚ㧚ଏ⹜૕ࠍ 90°࿁ォߐߖ㧘ଏ⹜૕⠢㕙ߣࡁ࠭࡞ኻ⒓㕙
߇ု⋥ߦߥࠆࠃ߁ߦ⸳⟎ߒߡ⹜㛎ߔࠆߣ㧘ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼߇ 40%߹ߢૐਅߒߚ㧚ߎࠇߪ਄
ਅ㕖ኻ⒓ߩᵹࠇߦࠃߞߡ⊒↢ߔࠆ࿶ജᏅ߇㧘⋥ធଏ⹜૕⠢㕙ߦ૞↪ߒߥ߆ߞߚߚ߼ߣ⠨߃ࠄࠇࠆ㧚
ߎࠇࠄߩ⚿ᨐࠍㆊ෰ߩࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩ⸘᷹⚿ᨐ 4-7)ߣᲧセߒ㧘ᣂߚߥࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯
࠼ߩ⹏ଔᣇᴺߩ⏕┙ࠍ⋡ᜰߒߡ޿ࠆ㧚 

㪋㪅㩷⚿⺰㩷
ๆㄟߺᑼ⿥㖸ㅦ㘑ᵢࠍ↪޿ߡ㧘AGARD-B ᮨဳߦࠃࠆࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩ⸘᷹ߣଏ⹜૕᜼േ
ߩ㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ߩ᠟ᓇࠍⴕߞߚ㧚એ਄ߩ⚿ᨐࠍ߹ߣ߼ࠆߣએਅߩࠃ߁ߦⷐ⚂ߐࠇࠆ㧚 
1. 㕖ኻ⒓ᢳ߼ⴣ᠄ᵄߪࡑ࠶ࡂᢙߩ㜞޿ᤨߢ⊒↢ߒ㧘ࡑ࠶ࡂ 2ߢߪᱴߤⷰኤߐࠇߥ߆ߞߚ㧚ߎߩ
㕖ኻ⒓ᢳ߼ⴣ᠄ᵄߪࡁ࠭࡞߇᜛ᄢߔࠆ਄ਅᣇะߦ㕖ኻ⒓ߢ޽ࠅ㧘ߘߩߚ߼ଏ⹜૕ߩ਄ਅᣇะ
ߦ࿶ജᏅࠍ⊒↢ߐߖࠆ߽ߩߣ⠨߃ࠄࠇࠆ㧚ଏ⹜૕⠢㕙ࠍࡁ࠭࡞ኻ⒓㕙ߣု⋥ߦ⸳⟎ߔࠆߣ㧘
ࡑ࠶ࡂ3᧦ઙߢࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼߇40%ㄭߊ߹ߢᛥ೙ߐࠇߚߎߣ߿㧘ࡑ࠶ࡂ2᧦ઙߢߪ㧘
ࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩ⛘ኻ୯߿ଏ⹜૕ߩᝄ᏷߇ᭂ߼ߡዊߐ߆ߞߚߎߣ߆ࠄ㧘㕖ኻ⒓ᢳ߼ⴣ
᠄ᵄߩ⊒↢߇㧘ᄢ߈ߥࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ࠍᒁ߈⿠ߎߔ߽ߩߣ⠨߃ࠄࠇࠆ㧚 
2. 㜞ㅦᐲࡆ࠺ࠝࠞࡔ࡜ߦࠃࠆࠪࡘ࡝࡯࡟ࡦᤋ௝߆ࠄ㧘ࡁ࠭࡞߆ࠄߩ㕖ኻ⒓ᢳ߼ⴣ᠄ᵄ߇ଏ⹜૕
ߣᐓᷤߔࠆߣଏ⹜૕వ┵߆ࠄ㕖ኻ⒓ߥ౞㍙ⴣ᠄ᵄ߇⊒↢ߒ㧘ߘߩ㕖ኻ⒓౞㍙ⴣ᠄ᵄ߇⊒↢ߒ
ߡ߆ࠄଏ⹜૕߇ᝄേߒᆎ߼ߡ޿ߚ㧚ߎߩߎߣ߆ࠄ㧘ࡁ࠭࡞߆ࠄߩ㕖ኻ⒓ᢳ߼ⴣ᠄ᵄ߇㧘ଏ⹜
૕ߦജࠍ෸߷ߒߡ޿ࠆߩߢߪߥߊ㧘ଏ⹜૕ߦ⊒↢ߒߚ㕖ኻ⒓౞㍙ⴣ᠄ᵄ߇ࠬ࠲࡯࠹ࠖࡦࠣࡠ
࡯࠼ࠍ⊒↢ߐߖߡ޿ࠆߎߣ߇ಽ߆ࠆ㧚 
3. ᓥ᧪ߩ Normal Shock Theoryߦઍࠊߞߡ㧘౞㍙ⴣ᠄ᵄߦၮߠߊࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߩ੍᷹ᑼ
ࠍឭ᩺ਛߢ޽ࠅ㧘㘑ᵢ⹜㛎ߩଏ⹜૕ࠍ⸳⸘ߔࠆ਄ߢ㧘᦭ലߥ⸳⸘ᑼߣߥࠆࠃ߁ߦᬌ⸽૞ᬺࠍ
ㅴ߼ߡ޿ࠆ㧚 
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

Fig.1 ࡑ࠶ࡂ ߩᤨߩࠬ࠲࡯࠹ࠖࡦࠣࡠ࡯࠼ߣო㕙㕒࿶ߩᤨ㑆ጁᱧ

 
Fig.2 ࡑ࠶ࡂ 3ߩᤨߩଏ⹜૕ߩ᜼േ 
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䊐䊤䉟䊃䉲䊚䊠䊧䊷䉺䊷ⵝ⟎䈱᜛ల㩷䋭㩷⚻ㆊႎ๔㩷
䂾㩷 㩷 㩷 Ḵ┵㩷 ৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
᫜ᰴ㩷 ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳䋬ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
╣ጊ㩷 ኈ⾗䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 ⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
㩷
㩷
⥶ⓨቝቮᯏߩ㘧ⴕᕈ⢻࡮㘧ⴕ቟ቯߩ੍᷹࡮ᬌ⸽߿㧘⺃ዉ࡮೙ᓮ♽ߩ⸳⸘߅ࠃ߮ߘߩᕈ⢻ߩᬌ⸽
ࠍ⋡⊛ߣߒߡᐔᚑ 18ᐕᐲߦࡈ࡜ࠗ࠻ࠪࡒࡘ࡟࡯࠲࡯ⵝ⟎ࠍዉ౉ߒߚ㧚ᒰೋߩ઀᭽ߣߒߡߪ㧘෺⊒
ዊဳࠫࠚ࠶࠻ᯏ㧔CRJ200㧘Learjet45㧕ߩ㘧ⴕࠍ਎⇇ਛߩਥⷐⓨ᷼߅ࠃ߮ਥⷐ⥶ⓨ〝ߢᮨᡆߢ߈㧘
ᄖ⇇⴫␜ߣߒߡ㧝↹㕙㧔ⷞ⇇ 45ᐲ㧕ࠍⵝ஻ߒߡ޿ߚ㧚ᐔᚑ 19ᐕᐲߪޔ⥶ⓨᯏߩᯏ㚂ࠍᮨᡆߒߚ
ࠦ࠶ࠢࡇ࠶࠻ࠞࡃ࡯ࠍ⸳⟎ߔࠆߣ౒ߦ㧘ᄖ⇇⴫␜ࠍ㧟↹㕙㧔ⷞ⇇ 135ᐲ㧕ߦ᜛లߒߚ㧚ߎࠇߦࠃ
ߞߡ㧘৻ጀ⥃႐ᗵḷࠇࠆ㘧ⴕࠪࡒࡘ࡟࡯࡚ࠪࡦ߇น⢻ߣߥࠅ㧘㘧ⴕജቇߩታ⠌᝼ᬺߩലᨐ߇ଦㅴ
ߐࠇࠆߣ౒ߦ㧘ዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߩ㘧ⴕᕈ⢻࡮㘧ⴕ቟ቯߩ⋥ᚥ⊛ߥᛠី߇ኈᤃߣߥࠆޕ 
੹ᓟޔ㧢⥄↱ᐲ㘧ⴕജቇ⸘▚ࠪࠬ࠹ࡓࠍ⥄ਥ᭴▽ߒࡈ࡜ࠗ࠻ࠪࡒࡘ࡟࡯࠲࡯ߦ⛔วߔࠆߎߣߦ
ࠃߞߡ㧘㘑⹜ߦࠃࠆⓨജ․ᕈ࠺࡯࠲߿ࠛࡦࠫࡦᕈ⢻ߩ੍᷹࠺࡯࠲ࠍ↪޿ߡዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏ
ߩ㘧ⴕᕈ⢻࡮㘧ⴕ቟ቯ߿⺃ዉ࡮೙ᓮ♽ߩ⎇ⓥ࡮㐿⊒ߦᵴ↪ߔࠆ⸘↹ߢ޽ࠆ㧚  
    
  㧔㧝㧕ᄖⷰ              㧔㧞㧕ࠦ࠶ࠢࡇ࠶࠻ౝㇱ 
࿑㧝㧦᜛లߐࠇߚࡈ࡜ࠗ࠻ࠪࡒࡘ࡟࡯࠲࡯ⵝ⟎ 
 
 
࿑㧞㧦ࡈ࡜ࠗ࠻ࠪࡒࡘ࡟࡯࠲࡯ⵝ⟎ࠍ↪޿ߚዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߩ⎇ⓥ࡮㐿⊒ᚻ㗅 
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੍஻⊛㜞ㅦ⿛ⴕ゠㆏ⵝ⟎䈱⸳⸘䊶⹜૞䈫ᷫㅦᚻᴺ䈮㑐䈜䉎⎇ⓥ㩷 䍎㩷⎇ⓥᚑᨐႎ๔㩷
㩷
䂾㩷 㩷 㩷 ቟↰㩷 ᦭૓䋨⥶ⓨቝቮ䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
ችἑ㩷 ቬᒾ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷 㜞ㅦᵹ૕ജቇ⎇ⓥቶ䋩㩷
Ḵ┵㩷 ৻⑲䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ಎᢎ᝼䋩㩷
᫜ᰴ㩷 ਗ਼ᒄ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㐳㩷 ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
ਣ㩷 ␭੺䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷 ඳ჻⎇ⓥຬ䋩㩷
㩷
 
㪈㪅㩷䈲䈛䉄䈮㩷
 ⥶ⓨቝቮᯏࠪࠬ࠹ࡓ⎇ⓥ࠮ࡦ࠲࡯㧔APReC㧕ߢߪ㧘⥶ⓨャㅍߥࠄ߮ߦቝቮャㅍࠍ㕟ᣂߔࠆߚ߼
ߩၮ⋚ᛛⴚߩഃ಴ࠍ⋡⊛ߦ㧘࿖ౝߩᄢቇ߿ JAXAߣߩㅪ៤ߩਅ㧘⎇ⓥࠍⴕߞߡ޿ࠆ㧚⎇ⓥߐࠇߚ
ၮ⋚ᛛⴚࠍዊဳήੱ⿥㖸ㅦᯏ㧔㘧ⴕታ㛎ᯏ㧕ߦ៞タߒߡ㧘ታ㓙ߩ㘧ⴕⅣႺߢታ⸽ߔࠆ⸘↹ߢ޽ࠆ㧚 
 㘧ⴕታ⸽ߩ೨Ბ㓏ߣߒߡ㧘ၮ⋚ᛛⴚߩ㜞ㅦⅣႺਅߦ߅ߌࠆᯏ⢻࡮ᕈ⢻ࠍ㧘࿾਄ߦ߅޿ߡ➅ࠅ㄰
ߒ቟ో߆ߟ⏕ታߦታ⸽ߔࠆߎߣ߇ᔅⷐߢ޽ࠅ㧘ߘࠇߦߪޟ㜞ㅦ⿛ⴕ゠㆏ⵝ⟎ޠߩ㐿⊒߇ലᨐ⊛ߢ
޽ࠆ㧚㜞ㅦ⿛ⴕ゠㆏ⵝ⟎ߣߪ㧘࿾਄ߦ㋕㆏゠㆏᭽ߩ⋥✢゠㆏㧔એਅ࡟࡯࡞㧕ࠍᢝ⸳ߒ㧘ࠬ࡟࠶࠼
ߣ๭߫ࠇࠆ⹜㛎૕៞タⵝ⟎ߦ⹜㛎ᯏ૕㧘෸߮ផㅴེࠍ៞タߒ㧘࡟࡯࡞਄ࠍ⿥㖸ㅦၞ߹ߢടㅦ⿛ⴕ
ߒ㧘ⓨജ⹜㛎㧘ࠛࡦࠫࡦ૞േ⹜㛎╬ࠍ⋡⊛ߣߒߚ⸳஻ߢ޽ࠆ㧚ᄢ᳇ⅣႺਅߢⓨജ⹜㛎ࠍⴕ߁ߎߣ
߇ߢ߈ࠆὑ㧘ታ㘧ⴕ⁁ᘒߦᭂ߼ߡㄭ޿᧦ઙߢታ⸽ߔࠆߎߣ߇ߢ߈ࠆߎߣߦട߃ߡ㧘ዊဳ㘧ⴕታ㛎
ᯏ╬ߩ㔌㒽⵬ഥⵝ⟎ߣߒߡ೑↪ߔࠆߎߣ߽น⢻ߢ޽ࠆ㧚 
 ᧄ⎇ⓥߢߪ㧘ࡈ࡞ࠬࠤ࡯࡞㜞ㅦ⿛ⴕ゠㆏ⵝ⟎㧔゠㆏㐳⚂ 2~3[km]㧕᭴▽߳ߩၮ⋚⎇ⓥߣߒߡ㧘
ࠨࡉࠬࠤ࡯࡞㜞ㅦ⿛ⴕ゠㆏ⵝ⟎㧔゠㆏㐳 48[m]㧘࿑ 1㧕ࠍᧄ࠮ࡦ࠲࡯ߩ⊕⠧ࠛࡦࠫࡦታ㛎႐ߦ⸳⟎
ߒߚ㧚߹ߚ㧘㜞ㅦ⿛ⴕ゠㆏ⵝ⟎ߦ↪޿ࠄࠇࠆᷫㅦᚻᴺߦߟ޿ߡߩ⎇ⓥࠍⴕߞߚ㧚 
 
 
࿑ 1㧦ࠨࡉࠬࠤ࡯࡞㜞ㅦ⿛ⴕ゠㆏ⵝ⟎ 
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㪉㪅㩷㜞ㅦ⿛ⴕ゠㆏ⵝ⟎㩷
㪉㪅㪈㩷ⵝ⟎⻉ర㩷
ਅ⸥ߦฦࠬࠤ࡯࡞ߩⵝ⟎⻉రࠍ␜ߔ㧚 
 
⴫ 1㧦ⵝ⟎⻉ర 
 Scale Propulsion system Location 
Full Scale 
Rail width:1.5[m] 
Rail length:2~3[km] 
Sled total Weight:500[kg] 
CAMUI hybrid rocket motors 
or LNG rocket motors 
Total thrust:5[tonf] 
Abira Town 
Middle Scale 
Rail width:1.5[m] 
Rail length:0.2[km] 
Sled total Weight:500[kg] 
CAMUI hybrid rocket motors 
or LNG rocket motors 
Total thrust:5[tonf] 
Shiraoi Experimental Field
Sub Scale Prototype
Rail width:138[mm] 
Rail length:48[m] 
Sled total Weight:12[kg] 
Turbo jet engine 
(Merlin 160G) 
Total thrust:16[kgf] 
 
㪉㪅㪉㩷ടㅦ䊶ᷫㅦᣇᴺ㩷
  ടㅦߦߪ㧘ᮨဳ㘧ⴕᯏ↪ዊဳ࠲࡯ࡏࠫࠚ࠶࠻ࠛࡦࠫࡦࠍ↪޿ࠆ㧚ᷫㅦߦߪ㧘᳓ࡉ࡟࡯ࠠࠪࠬ
࠹ࡓ㧔࿑ 2㧕ࠍ↪޿ࠆ㧚ߎࠇߪ㧘ࠬ࡟࠶࠼ߦࡃࠤ࠶࠻ᑼ೙േⵝ⟎ࠍ៞タߒ㧘೙േ඙㑆ߦ⾂᳓ߐࠇ
ߚ᳓ࠍߔߊ޿޽ߍߡㅴⴕᣇะߦྃ኿ߔࠆ㧘ߣ޿߁᳓ߩㆇേ㊂ᄌൻࠍ೑↪ߒߡ೙േജࠍᓧࠆᣇᴺߢ
޽ࠆ㧚ℂ⺰೙േജߪ㧘 
QvQvQvF UUU 2   
ߣߥࠆ㧚ߎߎߢ㧘ȡ㧦᳓ߩኒᐲ㧘Q㧦૕Ⓧᵹ㊂㧘v㧦ࠬ࡟࠶࠼ߩㅦᐲ㧘ߢ޽ࠅ៺ᡂ៊ᄬ߿஍ᵹⷺߪ
⠨ᘦߒߥ޿㧚߹ߚ㧘ࡃࠤ࠶࠻ߦᵹ౉ߔࠆᵹ㊂࡮ᵹㅦߣᵹ಴ߔࠆྃᵹߩᵹ㊂࡮ᵹㅦߪ╬ߒ޿ߣ઒ቯ
ߔࠆ㧚 
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Fig. 1. Overview of the baseline configuration M2006. 
 
 
Fig. 2. Wind-tunnel test at JAXA/ISAS using the M2006 model. 
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Fig. 3. Pitching moment coefficient at Mach 0.3.   Fig. 4. Pitching moment coefficient at Mach 0.7. 
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㧔ቶ⯗Ꮏᄢ㧕㧘ᣂ੗ 㓉
᥊㧘ᬮ੉ ᜏ਽㧘ਭ଻ ⦟
੺㧔㒋ᐭᄢ㧕㧘ဝ੗ િ
ᐘ㧔JAXA/ISAS㧕㩷
ዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏ
ߩⓨജ⸳⸘ߣⓨജᕈ⢻
⹏ଔ㩷
ᐔᚑ㧝㧥ᐕᐲቝቮ
ャㅍࠪࡦࡐࠫ࠙ࡓ
㩷 㩷 㩷 ⋧ᮨේ㩷 2008
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౒ห⎇ⓥႎ๔㩿㪡㪘㪯㪘㩷ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㪀㩷
䋭㩷 㪣㪥㪞 䉰䊦䊐䉜䊷䉝䉺䉾䉪㪆䉮䊷䉨䊮䉫䈮㑐䈜䉎⎇ⓥ䋨䉮䊷䉨䊮䉫ಽ䋩㩷
㩷
᧲㊁㩷๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷ᢎ᝼㩷ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷ᢎ᝼䋩㩷
᧖ጟ㩷ᱜᢅ䋨ᔕ↪ൻቇ⑼㩷ᢎ᝼䋩㩷
ዊᨋ㩷㓉ᄦ䋨ᔕ↪ൻቇ⑼㩷ᛛⴚ⡯ຬ䋩㩷
Ⴚ㩷᣽ብ䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷⻠Ꮷ䋩㩷
Ḋ㩷੫ੑ㇢䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ഥᢎ䋩㩷
䂾㩷 㩷 㩷╣ጊ㩷ኈ⾗䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
ᄢႦ㩷㓷਽䋨ᔕ↪ൻቇ⑼㩷෻ᔕൻቇ⎇ⓥቶ䋩㩷
ᴒ↰㩷⠹৻䋨㪡㪘㪯㪘ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㩷ቝቮャㅍ♽ផㅴᛛⴚ⎇ⓥ㐿⊒䉶䊮䉺䊷㩷 㩷ᛛⴚ㗔ၞ䊥䊷䉻䊷䋩㩷
ᔒ᧛㩷㓉䋨㪡㪘㪯㪘 ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㩷ቝቮャㅍ♽ផㅴᛛⴚ⎇ⓥ㐿⊒䉶䊮䉺䊷㩷 㩷䉫䊦䊷䊒㐳䋩㩷
㕍ᧁ㩷⾫ม䋨㪡㪘㪯㪘 ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㩷ቝቮャㅍ♽ផㅴᛛⴚ⎇ⓥ㐿⊒䉶䊮䉺䊷㩷ਥછ㐿⊒ຬ䋩㩷
᧲㩷 િᐘ䋨㪡㪘㪯㪘 ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㩷ቝቮャㅍ♽ផㅴᛛⴚ⎇ⓥ㐿⊒䉶䊮䉺䊷㩷 㩷㐿⊒ຬ䋩㩷
Ꮉፉ㩷⑲ੱ䋨㪡㪘㪯㪘 ቝቮၮᐙ䉲䉴䊁䊛ᧄㇱ㩷 㪣㪥㪞 䊒䊨䉳䉢䉪䊃䉼䊷䊛㩷㐿⊒ຬ䋩㩷
㩷
㩷
㪈㪅㩷⎇ⓥ᭎ⷐ䊶⋡⊛㩷
ࡠࠤ࠶࠻ߦࠃࠆቝቮャㅍࠪࠬ࠹ࡓߩㆇ↪ࠦࠬ࠻ࠍૐᷫߔࠆߚ߼ߩ 1ߟߩᣇ╷ߣߒߡᑇଔߥផㅴ
೷ࠍ૶↪ߔࠆߎߣ߇᜼ߍࠄࠇࠆ㧚ߎߩⷐ᳞ࠍḩߚߔផㅴ೷Άᢱߣߒߡᶧൻᄤὼࠟࠬ㧔એਅ LNG
ߣ⸥ߔ㧕߇᦭ജߥ୥⵬ߣߥߞߡ߅ࠅ㧘LNG ផㅴ♽ࡠࠤ࠶࠻ߩ㐿⊒߇ㅴ߼ࠄࠇߡ޿ࠆ㧚ߒ߆ߒ㧘
LNG Άᢱࠍࡠࠤ࠶࠻ߩΆ὾ቶ߿ࡁ࠭࡞ߩ಄ළߦ↪޿ࠆ႐ว㧘ߘߩ․ᕈ߇චಽߦ᣿ࠄ߆ߦߥߞߡ
޿ߥ޿㧚 
ౣ↢಄ළࠨࠗࠢ࡞ߩࠛࡦࠫࡦߢߪ㧘಄ළ೷ߦ LNGΆᢱ߇ᬌ⸛ߐࠇߡ޿ࠆ㧚ߒ߆ߒ LNGਛߦߪ
⎫㤛ᚑಽ߇฽߹ࠇߡ߅ࠅ㧘Ά὾ቶߩ㌃ว㊄߇⎫㤛ᚑಽߣ෻ᔕߒ⣣㘩ߔࠆ໧㗴㧔એਅࠨ࡞ࡈࠔ࡯ࠕ
࠲࠶ࠢߣ⸥ߔ㧕߇޽ࠆ㧚߹ߚ಄ළḴࠍᵹࠇࠆ LNG Άᢱߪ಄ළḴ᭴ㅧ᧚ᢱߩ⸅ᇦലᨐߦࠃࠅᾲಽ
⸃ࠍᆎ߼㧘ߎࠇߦ઻߁಄ළ▤ౝო߳ߩࠦ࡯ࠠࡦࠣ⃻⽎ߦࠃࠅ಄ළ▤ౝოߩ಄ළᕈ⢻ߩૐਅ߿಄ළ
Ḵ߇⁜⓰ߔࠆน⢻ᕈ߇↢ߓࠆ㧚ߘߩߚ߼ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߣࠦ࡯ࠠࡦࠣߪ LNG ౣ↢಄ළࠛࡦ
ࠫࡦࠍ⸳⸘ߔࠆ㓙ߩ㊀ⷐߥ⺖㗴ߣߥߞߡ޿ࠆ㧚ᧄ⎇ⓥߢߪࠦ࡯ࠠࡦࠣߦߟ޿ߡ⎇ⓥ㐿⊒࡝ࠬࠢࠍ
ૐᷫߔࠆߚ߼ߦࠦ࡯ࠠࡦࠣߦ㑐ߔࠆၮ␆ታ㛎ࠍታᣉߒ㧘⸳⸘ᜰᮡߦ❬߇ࠆၮ␆࠺࡯࠲ࠍขᓧߔࠆ
߽ߩߢ޽ࠆ㧚ࠨ ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߦ㑐ߔࠆ⎇ⓥౝኈߪࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߩ⎇ⓥ⚫੺ࠍෳᾖߐࠇ
ߚ޿㧚 
 
㪉㪅㩷ታ㛎䊶ಽᨆ㩷
㪉㪅㪈㩷 ታ㛎ⵝ⟎㩷
 ᧄ⎇ⓥߢ૶↪ߒߚታ㛎ⵝ⟎ߩ᭎ⷐࠍ࿑ 1ߦ␜ߔ㧚ᧄ⎇ⓥߢߪࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢታ㛎㧘ࠦ࡯ࠠ
ࡦࠣታ㛎ߪߎߩታ㛎ⵝ⟎ࠍ↪޿ߡታᣉߒߚ㧚ታ㛎ࠟࠬߪห࿑ฝ஥ࠃࠅ࿶ജ߿ᵹ㊂ࠍ⺞▵ߒߚᓟ㊄
ዻ᧚ᢱ⹜㛎 ࠍ⸳⟎ߒߚ⍹⧷▤ߦᵹ౉ߒ㧘ടᾲߐࠇࠆ㧚ടᾲㇱߢߪ㔚᳇ᛶ᛫Ἱࠍ↪޿ߡታ㛎ࠟࠬ
ࠍടᾲߔࠆ㧚ࠨࡦࡊ࡞ណขὐߢߪࠟࠬᚑಽಽᨆߩߚ߼ߩࠨࡦࡊ࡝ࡦࠣࠟࠬࠍขᓧߔࠆ㧚ടᾲᓟߩ
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ታ㛎ࠟࠬߪ࠼࡜ࡈ࠲ߦࠃࠅᏗ㉼ߒ㧘ᄢ᳇᡼಴ߐࠇࠆ㧚 
 
࿑ 1 ታ㛎ⵝ⟎᭎ⷐ 
 
㪉㪅㪉㩷 ታ㛎᭎ⷐ㩷
ࠦ࡯ࠠࡦࠣታ㛎ߢߪ⚐ࡔ࠲ࡦߣߪ᦭ᗧߦࠦ࡯ࠠࡦࠣ․ᕈߩ⇣ߥࠆࡊࡠࡄࡦࠦ࡯ࠠࡦࠣ․ᕈߩ
ᛠីࠍ⋡⊛ߣߒ㧘ታ㛎ࠍⴕߞߚ㧚ᧄታ㛎᧦ઙࠍ⴫ 1 ߦ␜ߔ㧚ᧄታ㛎ߢߪవߕ㧘ਇᵴᕈࠟࠬߢ޽
ࠆ⓸⚛ߦࡊࡠࡄࡦࠍᷙวߒߚࠟࠬࠍ↪޿ߡ᣹᷷ታ㛎㧘ਗ߮ߦ╬᷷ታ㛎ࠍⴕ߁ߎߣߢࡊࡠࡄࡦߩ
ߺߦࠃࠆ㊄ዻ᧚ᢱ߳ߩࠦ࡯ࠠࡦ
ࠣ․ᕈࠍ⏕⹺ߒߚ㧚ߘߩᓟ㧘ታ㓙
ߩ LNGⅣႺࠍᗐቯߒ LNGਥᚑಽ
ߢ޽ࠆࡔ࠲ࡦߦࡊࡠࡄࡦࠍᷙว
ߒߚࠟࠬ㧔ࡊࡠࡄࡦỚᐲ㧦⚂ 1%
૕Ⓧ㧘⚂ 3%૕Ⓧ㧘⚂ 5%૕Ⓧ㧕ࠍ
↪޿ߡ᣹᷷ታ㛎㧔ᦨ㜞᷷ᐲ 1273K㧕㧘
ਗ߮ߦ╬᷷ታ㛎㧔900K㧘1000K㧘
1100K㧕ࠍⴕ߁ߎߣߦࠃࠅ LNGⅣ
Ⴚਅߢߩ㊄ዻ᧚ᢱ߳ߩࠦ࡯ࠠࡦ
ࠣ․ᕈߦኻߔࠆࡊࡠࡄࡦỚᐲߩ
ᓇ㗀߿ടᾲ᷷ᐲߩᓇ㗀ࠍ⏕⹺ߒߚ㧚 
 
㪉㪅㪊㩷ಽᨆౝኈ㩷
 ᧄ⎇ⓥߢߪࡔ࠲ࡦ߿ࡊࡠࡄࡦᾲಽ⸃․ᕈߩ⹏ଔߩߚ߼ታ㛎೨ᓟߩ⹜㛎 ⴫㕙⚵ᚑ߿ᾲಽ⸃෻ᔕ
ᓟߩࠟࠬᚑಽߩ․ቯ㧘⹜㛎 ⴫㕙ߦᨆ಴ߒߚ‛⾰ߩ⚵ᚑࠍ⸃᣿ߔࠆߚ߼㧘⴫ 2ߦ␜ߔಽᨆࠍⴕ߁㧚 
F 
⴫ 1 ታ㛎᧦ઙ 
╬᷷㧦900㧘1000㧘1100 
ታ㛎᷷ᐲ㧔K㧕
᣹᷷㧦Ᏹ᷷㨪1273㧔ᾲಽ⸃㐿ᆎ᷷ᐲߩ․ቯ㧕
࿶ജ㧔MPa㧕 0.20 
ᵹ㊂㧔mͰ/min㧕 20 
⹜㛎 ⚛᧚ SMC㧘HASTELLOY-X㧘Inco600㧘OMC 
ታ㛎ࠟࠬ 
⓸⚛+ࡊࡠࡄࡦ㧔1%㧘3%㧘5%㧕 
ࡔ࠲ࡦ+ࡊࡠࡄࡦ㧔1%㧘3%㧘5%㧕 
⚐ࡔ࠲ࡦ(99.9%) 
*SMC: Cu 99.13%,Zr 0.8%,Cr 0.07% 
**OMC: Cu 99.12%,Zr 0.1%,Cr 0.7%,OT 0.1
* ** 
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㩷
㪊㪅㩷⚿ᨐ㩷
㪊㪅㪈㩷ታ㛎⚿ᨐ㩷
ࠦ࡯ࠠࡦࠣታ㛎⚿ᨐ଀ߣߒߡ࿑ 2ߦฦ㊄ዻ⹜㛎 ࠍ⸳⟎ߒߚ႐วߩ᣹᷷ታ㛎⚿ᨐࠍ␜ߔ㧚ห࿑
ࠃࠅࡊࡠࡄࡦ฽᦭₸ߪ㊄ዻ⹜㛎 ߥߒ㧘SMC㧘OMCߢߪ⚂ 800K㧘Inco600㧘HASTELLOY-Xߢߪ
⚂ 600K ࠃࠅᷫዋߒߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚ߎࠇ߆ࠄࡊࡠࡄࡦ฽᦭₸ߩᷫዋ߇㊄ዻ⹜㛎 ߥߒߩ႐
วߣหߓߢ޽ߞߚ SMC㧘OMC ߪࡔ࠲ࡦᾲಽ⸃෻ᔕ߿ࡊࡠࡄࡦᾲಽ⸃෻ᔕߦኻߔࠆ⸅ᇦലᨐࠍ᦭
ߒߡ޿ߥ޿ߎߣ߇ࠊ߆ࠆ㧚৻ᣇ㧘㊄ዻ⹜㛎 ήߒߩ႐วߣᲧセߒߡ⚂ 200K ૐߊࡊࡠࡄࡦ฽᦭₸
ߩᷫዋ߇⷗ࠄࠇߚ Inco600㧘HASTELLOY-X ߪࡔ࠲ࡦᾲಽ⸃෻ᔕ߿ࡊࡠࡄࡦᾲಽ⸃෻ᔕߦኻߔࠆ
⸅ᇦലᨐࠍ᦭ߒߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚
⴫ 2 ಽᨆౝኈ৻ⷩ 
ಽᨆᣇᴺ ಽᨆ㗄⋡ 
᭎ⷰⷰኤ ⹜㛎 ᭎ⷰࠍⷰኤ 
ࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈࠖ࡯ ታ㛎ᓟߩࠟࠬᚑಽࠍ․ቯ 
ࡑࠢࡠ࡮ࡒࠢࡠⷰኤ ታ㛎೨ᓟߩ⹜㛎 ⴫㕙ߩᄌൻࠍⷰኤ  
㔚ሶᄤ⒊ ታ㛎೨ᓟߢ⹜㛎 ߩ㊀㊂ᄌൻࠍ⺞ᩏ㧔0.1mg߹ߢ଻⸽㧕 
EPMAಽᨆ ⹜㛎 ⴫㕙ߩ⚵ᚑࠍ․ቯ  
XRDಽᨆ ⹜㛎 ౝㇱߩ⚿᥏᭴ㅧࠍ․ቯ㧔⴫㕙ࠃࠅᷓߐ⚂ 100Ǵm㧕 
࡜ࡑࡦಽᨆ ⹜㛎 ⴫㕙ߦᨆ಴ߒߚᨆ಴‛ߩ⚿᥏᭴ㅧࠍ․ቯ  
ᾲવዉ₸᷹ቯ ࠦ࡯ࠠࡦࠣߦࠃࠆᾲવዉ₸ߩᄌൻࠍ⏕⹺ 
 

㪊㪅㪉㩷ಽᨆ⚿ᨐ㩷
 ታ㛎೨ᓟߩ⹜㛎 ߩ᭽ሶߩ଀ߣߒߡ㧘Inco600 ߦߟ޿ߡ࿑ 3 ߦ␜ߔ㧚ห࿑ࠃࠅ㊄ዻ⹜㛎 ⴫㕙
ߪ᣹᷷ታ㛎ᓟ㧘╬᷷ታ㛎ᓟ౒ߦ㤥ߊᄌ⦡ߒߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚ߎࠇ߆ࠄࡔ࠲ࡦਗ߮ߦࡊࡠࡄ
ࡦᾲಽ⸃෻ᔕߦࠃࠆᨆ಴‛ࠍ⏕⹺ߢ߈ߚ㧚ߚߛߒ㧘╬᷷ታ㛎ߢߪ⹜㛎 ߦߩߺᨆ಴‛߇⏕⹺ߐࠇ
ࠆߩߦኻߒ㧘᣹᷷ታ㛎ߢߪ⹜㛎 ࠍ⸳⟎ߒߡ޿ࠆΆ὾ࡏ࡯࠻ߦ߽ᨆ಴‛߇⏕⹺ߐࠇ㧘ᨆ಴‛ߩ↢
ᚑᯏ᭴ߦ㆑޿߇⷗ࠄࠇߚ㧚ߎߩේ࿃ߪᦨᄢടᾲ᷷ᐲߩ㆑޿ߢ޽ࠆߣ⠨߃ࠄࠇࠆ㧚 
ߘߎߢታ㛎ᓟ⹜㛎 ⴫㕙⚵ᚑߩ⸃᣿ߩߚ߼ EPMA㧔㔚ሶࡊࡠ࡯ࡉࡑࠗࠢࡠࠕ࠽࡜ࠗࠩ࡯㧕ಽᨆ
ࠍⴕߞߚ㧚EPMAಽᨆߩ⚿ᨐ଀ࠍ࿑ 4ߦ␜ߔ㧚EPMAಽᨆߩ⚿ᨐ㧘὇⚛ᚑಽߪ᣹᷷ታ㛎ߢߪ㊄ዻ
᧚ᢱߩ⒳㘃ߦ㑐ଥߥߊᄙߊ⷗ࠄࠇߚ߇╬᷷ታ㛎ߢߪ⸅ᇦലᨐߩᒝ޿ Inco600㧘HASTELLOY-X ߢ
ᄙߊ⷗ࠄࠇ㧘⸅ᇦലᨐߩߥ޿ SMC߿ OMCߢߪ⧯ᐓߒ߆⷗ࠄࠇߥ߆ߞߚ㧚ߎࠇ߆ࠄ㧘╬᷷ታ㛎ߩ
᷷ᐲ▸࿐ߢߪᨆ಴‛ߩ↢ᚑߪ⸅ᇦലᨐߦଐሽߔࠆ߇㧘᣹᷷ታ㛎▸࿐ߢߪ⸅ᇦലᨐߦଐሽߒߥ޿ߎ
ߣ߇ࠊ߆ߞߚ㧚ᨆ಴ߒߚ὇⚛ᚑಽߩ⚿᥏᭴ㅧࠍ࡜ࡑࡦಽᨆߦࠃࠅ⸃᣿ߒߚ⚿ᨐ㧘᣹᷷ታ㛎㧘╬᷷
ታ㛎ߤߜࠄ߽ᾲಽ⸃὇⚛߿ήቯᒻ὇⚛ߢ޽ࠆߎߣ߇್᣿ߒߚ㧚߹ߚ XRD㧔㨄࿁᛬ᴺ㧕ಽᨆߩ⚿ᨐ㧘
Inco600㧘SMC㧘OMC ߢߪታ㛎೨ᓟߢߩ⹜㛎 ౝㇱ᭴ㅧߦᄌൻߪ⷗ࠄࠇߥ޿߇㧘HASTELLOY-X
ߢߪᨆ಴ߒߚ὇⚛ᚑಽߣ HASTELLOY-X ਛߩ㋕ᚑಽ߇⚿วߒ὇ൻ㋕ࠍ↢ᚑߒߡ޿ࠆߎߣ߇ࠊ߆
ߞߚ㧚 
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 એ਄ߩ⚿ᨐࠃࠅ㊄ዻ⹜㛎 ߪታ㛎೨ᓟߢ⇣ߥࠆ⁁ᘒߦߥߞߡ޿ࠆߎߣ߇ࠊ߆ࠅ㧘⹜㛎 ߩᾲવ
ዉ₸߇ᄌൻߔࠆน⢻ᕈ߇޽ࠆ㧚ߘߎߢ⹜㛎 ߩᾲવᐲ₸ࠍ᷹ቯߒߚ⚿ᨐ㧘Inco600㧘HASTELLOY-X㧘
OMCߢߪታ㛎೨ᓟߢᾲવዉ₸ߩᄌൻߪ⏕⹺ߐࠇߥ޿߇ SMCߢߪታ㛎ᓟ⹜㛎 ߩᾲવዉ₸ߩჇᄢ
߇⏕⹺ߐࠇߚ㧚 
 
㪊㪅㪊㩷 ᾲಽ⸃෻ᔕᯏ᭴䈱⠨ኤ㩷
ࠦ࡯ࠠࡦࠣታ㛎ߩታ㛎ਗ߮ߦಽᨆ⚿ᨐࠍ〯߹߃㧘ࡔ࠲ࡦ+ࡊࡠࡄࡦᾲಽ⸃෻ᔕᯏ᭴ߦߟ޿ߡ⠨
ኤࠍⴕߞߚ㧚⠨ኤߒߚ⚿ᨐࠍએਅߦ␜ߔ㧚 
 ࡊࡠࡄࡦᾲಽ⸃෻ᔕߪ߹ߕ(1-1)ᑼ㧘(1-2)ᑼߢ␜ߔ 2ߟߩ⚛෻ᔕߦࠃࠅᆎ߹ࠆ㧚 
 
 C3H8ψC3H7㨯+H㨯 (1-1) 
 C3H8ψCH3㨯+C2H5㨯 (1-2) 
 
ߎߩ߁ߜ㧘(1-2)ᑼߩ෻ᔕߪ(1-1)ᑼߩ෻ᔕߣᲧセߒߡ෻ᔕㅦᐲ߇ᣧ޿ߚ߼ CH3㨯߿ C2H5㨯߇ᄙߊ↢ᚑ
ߐࠇࠆ㧚߹ߚ(1-2)ᑼߣᲧセߒߡ෻ᔕㅦᐲ߇ㆃ޿߇(1-1)ᑼߩ෻ᔕߪⴕࠊࠇߡ߅ࠅ㧘C3H7㨯߿ H㨯߇↢
ᚑߐࠇࠆ㧚(1-1)ᑼ㧘(1-2)ᑼߩ෻ᔕߦࠃࠅ↢ᚑߐࠇߚ CH3㨯㧘C2H5㨯㧘C3H7㨯㧘H㨯߿ታ㛎ࠟࠬਛߦ฽
߹ࠇࠆ CH4ᚑಽߪએਅߦ␜ߔ(1-3)ᑼ㧘(1-4)ᑼ㧘(1-5)ᑼߩ෻ᔕࠍ␜ߒ㧘ಽ⸃߇ㅴ߻ߣ⠨߃ࠄࠇࠆ㧚 
 
 C2H5㨯+H㨯ψC2H6㧔ࠛ࠲ࡦߩ↢ᚑ㧕 (1-3) 
 C2H5㨯+H㨯ψC2H4+H㧔ࠛ࠴࡟ࡦߩ↢ᚑ㧕 (1-4) 
 CH4+HψC2H3㨯+H㨯㧔ࡔ࠲ࡦᾲಽ⸃ߩଦㅴ㧕 (1-5) 
 
ߎߩ߁ߜታ㛎ߢߪࡊࡠࡄࡦߩ฽᦭₸ߩᷫዋߦኻߒߡ᳓⚛߿ࠛ࠴࡟ࡦߩჇട߇⏕⹺ߢ߈ࠆ㧚ߘߩߚ
߼㧘(1-3)㨪(1-5)ᑼߩ෻ᔕߢߪ(1-4)ᑼߩ෻ᔕ߇ᄙߊ⿠ߎߞߡ޿ࠆߣ⠨߃ࠄࠇࠆ㧚߹ߚ㧘㜞᷷஥ߢߪ
ࠛ࠲ࡦ߇ᬌ಴ߐࠇߡ޿ࠆߎߣ߆ࠄ(1-3)ᑼߩ෻ᔕߪ㜞᷷஥ߢㅴ߻ߣ⠨߃ࠄࠇࠆ㧚ࡔ࠲ࡦᾲಽ⸃෻ᔕ
ߪࡔ࠲ࡦන૕ߢ߽ 1000Kએ਄ߢㅴ߻ߎߣ߇ࠊ߆ߞߡ߅ࠅ㧘(1-5)ᑼߩ෻ᔕߪ 1000Kએ਄ߢᵴ⊒ߦㅴ
߻ߣ⠨߃ࠄࠇࠆ㧚ߘߩᓟࡔ࠲ࡦᾲಽ⸃෻ᔕߪએਅߩࠃ߁ߦㅴߺ㧘὇⚛߇ᨆ಴ߐࠇࠆ(1)㧚 
 
 CH4+HψC2H3㨯+H㨯 
 ψC2H2+H2 
 ψC2H㨯+H2+H㨯 
 ψC+2H2 
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 (a)㊄ዻ⹜㛎 ߥߒ (b)SMC 







%*
*
%*
%*
%*
᷹ቯ᷷ᐲ
-
ࠨ
ࡦ
ࡊ
࡝
ࡦ
ࠣ
ࠟ
ࠬ
ਛ
ߩ
฽
᦭
₸











%*
*
%*
%*
%*
᷹ቯ᷷ᐲ
-
ࠨ
ࡦ
ࡊ
࡝
ࡦ
ࠣ
ࠟ
ࠬ
ਛ
ߩ
฽
᦭
₸



 
 (c)Inco600 (d)HASTELLOY-X 
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(e)OMC 
࿑ 2 ᣹᷷ታ㛎⚿ᨐ㧔ࡊࡠࡄࡦỚᐲ 1%㧘OMCߩߺ 5%㧕 
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   
 (a)ታ㛎೨ (b)᣹᷷ታ㛎ᓟ (c)1000K╬᷷ታ㛎ᓟ 
࿑ 3ታ㛎೨ᓟߩ Inco600⹜㛎 ߩ᭽ሶ㧔ࡊࡠࡄࡦỚᐲ 1%㧕 
 
  
 (a)᣹᷷ታ㛎ᓟ (b)1000K╬᷷ታ㛎ᓟ 
࿑ 4 Inco600EPMAಽᨆ⚿ᨐ㧔ࡊࡠࡄࡦỚᐲ 1%㧕 
 
㪋㪅㩷 䉁䈫䉄㩷
ᧄႎߢߪ㧘LNG ⅣႺߦ߅ߌࠆࠦ࡯ࠠࡦࠣߦ㑐ߔࠆၮ␆࠺࡯࠲ขᓧࠍ⋡⊛ߣߒ㧘LNG ⅣႺࠍᮨ
ᡆߒߚࡔ࠲ࡦ+ࡊࡠࡄࡦᷙวࠟࠬߦࠃࠆടᾲታ㛎㧘ߥࠄ߮ߦಽᨆࠍታᣉߒߚ㧚ขᓧߒߚታ㛎࠺࡯
࠲㧘ಽᨆ࠺࡯࠲ࠃࠅ㊄ዻ⹜㛎 ߩ⸅ᇦലᨐߩ᦭ήߦࠃࠆࡔ࠲ࡦ㧘ਗ߮ߦࡊࡠࡄࡦᾲಽ⸃㐿ᆎ᷷ᐲ
߿ᨆ಴‛ߩᨆ಴㊂߿ᨆ಴ෘߐ㧘ታ㛎ᓟ⹜㛎 ߩ⚵ᚑߩᄌൻߦߟ޿ߡ⹏ଔࠍⴕߞߚ㧚ߘߩ⚿ᨐ㧘ᧄ
⎇ⓥߩታ㛎▸࿐ߦ߅ߌࠆ LNG ⅣႺਅߢߩࠦ࡯ࠠࡦࠣ․ᕈࠍᛠីߔࠆߎߣ߇ߢ߈ߚ㧚ߒ߆ߒ㧘ታ
ᯏⅣႺࠍᮨᡆߒߚേ⊛ⅣႺ㧔㜞࿶㧘㜞ᵹ㊂㧕ߢߪᧄታ㛎ߣห᭽ߩࠦ࡯ࠠࡦࠣ․ᕈࠍ␜ߔ߆᣿ࠄ߆
ߦߥߞߡ޿ߥ޿ߚ߼㧘੹ᓟേ⊛ⅣႺߦ߅޿ߡታ㛎ࠍⴕ޿㧘ᧄታ㛎⚿ᨐߣߩ⋧㆑ࠍᬌ⸽ߒታᯏߦ߅
ߌࠆࠦ࡯ࠠࡦࠣ․ᕈߩ⹏ଔࠍⴕ߁੍ቯߢ޽ࠆ㧚 
 
ෳ⠨ᢥ₂㩷
㧔1㧕᧲㊁๺ᐘ㧘᧖ጟᱜᢅ㧘ዊᨋ㓉ᄦ㧘Ḋ੫ੑ㇢㧘ਣ␭੺㧘╣ጊኈ⾗㧘ᄢႦ㓷਽㧘’㊁㓉㧘ဈญ
⵨ਯ㧦LNGࡠࠤ࠶࠻ࠛࡦࠫࡦߩࠦ࡯ࠠࡦࠣ․ᕈߦ㑐ߔࠆၮ⋚⎇ⓥ㧘╙ 51࿁ቝቮ⑼ቇᛛⴚㅪ
ว⻠Ṷળ 2C05㧘2007.10.29/31 
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౒ห⎇ⓥႎ๔㩿䋨ᩣ䋩䉝䉟䊶䉣䉟䉼䍃䉝䉟䊶䉣䉝䊨䉴䊕䊷䉴㪀㩷
䋭㩷ౣ↢಄ළ 㪣㪥㪞 䊨䉬䉾䊃䉣䊮䉳䊮㩷 䉮䊷䉨䊮䉫䈱ᬌ⸛䈫ၮ␆⹜㛎㩷
㩷
᧲㊁㩷๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷ᢎ᝼㩷 ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷ᢎ᝼䋩㩷
᧖ጟ㩷ᱜᢅ䋨ᔕ↪ൻቇ⑼㩷ᢎ᝼䋩㩷
ዊᨋ㩷㓉ᄦ䋨ᔕ↪ൻቇ⑼㩷ᛛⴚ⡯ຬ䋩㩷
Ḋ㩷੫ੑ㇢䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇ⑼㩷ഥᢎ䋩㩷
ਣ㩷␭੺䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷ඳ჻⎇ⓥຬ䋩㩷
䂾㩷 㩷 㩷╣ጊ㩷ኈ⾗䋨ᯏ᪾䉲䉴䊁䊛Ꮏቇኾ᡹㩷⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥቶ䋩㩷
ᄢႦ㩷㓷਽䋨ᔕ↪ൻቇ⑼㩷෻ᔕൻቇ⎇ⓥቶ䋩㩷
’㊁㩷㓉䋨䋨ᩣ䋩䉝䉟䍃䉣䉟䉼䍃䉝䉟䍃䉣䉝䊨䉴䊕䊷䉴㩷ቝቮᛛⴚㇱ㩷ㇱ㐳䋩㩷
ဈญ㩷⵨ਯ䋨䋨ᩣ䋩䉝䉟䍃䉣䉟䉼䍃䉝䉟䍃䉣䉝䊨䉴䊕䊷䉴㩷ቝቮᛛⴚㇱ䋩㩷
㩷
㩷
㪈㪅㩷⎇ⓥ᭎ⷐ䊶⋡⊛㩷
 ⃻࿷㧘ࡠࠤ࠶࠻߿ࠬࡍ࡯ࠬࠪࡖ࠻࡞ߢ૶↪ߐࠇߡ޿ࠆផㅴ⮎ߪ RP-1㧔ࠤࡠࠪࡦ㧕╬ߩ὇ൻ᳓⚛
♽Άᢱ߿ᶧ૕᳓⚛ߦᄢ೎ߐࠇࠆ㧚৻⥸⊛ߦ὇ൻ᳓⚛♽ΆᢱߪૐᲧផജ㧘ᄢផജ㧘㜞ኒᐲߢࡉ࡯ࠬ
࠲࡯♽ࠛࡦࠫࡦߦㆡߒߡ߅ࠅ㧘ᶧ૕᳓⚛ߪ㜞Ყផജ㧘ૐኒᐲߢ޽ࠆߩߢ਄Ბ♽ࠛࡦࠫࡦߦㆡߒߡ
޿ࠆ㧚ᶧൻᄤὼࠟࠬ㧔LNG㧦ਥᚑಽߪࡔ࠲ࡦ㧕ߪ㧘ߎࠇࠄ෺ᣇߩផㅴ⮎ߩਛ㑆⊛ߥᕈ⾰ࠍᜬߟ㧚
ߘߩߚ߼㧘ᯏ૕ߩዊဳൻ߿ขᛒߩኈᤃߐ㧘ⅣႺ߳ߩఝߒߐߩⷰὐ߆ࠄ዁᧪ߩ゠㆏㑆ャㅍᯏ߿ቝቮ
ᓔㆶᯏߩផㅴ⮎ߣߒߡᵈ⋡ࠍ㓸߼ߡ޿ࠆ㧚ߒ߆ߒ㧘LNG ߪߘߩΆ὾․ᕈ߿಄ළ․ᕈ㧘ಽ⸃․ᕈ㧘
᧚ᢱ߳ߩᓇ㗀㧘ࠪࠬ࠹ࡓߩᚑ┙ᕈ╬ታ↪߹ߢߦ᭽ޘߥ⺖㗴߇޽ࠆ㧚ߘߎߢ⃻࿷㧘ߎࠇࠄߩ⺖㗴ࠍ
⸃᳿ߔࠆߚ߼ߦၮ⋚ᛛⴚߩ⎇ⓥ㐿⊒߇ⴕࠊࠇߡ޿ࠆ㧚߹ߚ㧘LNGߩਥᚑಽߢ޽ࠆࡔ࠲ࡦߩផㅴ೷
ߣߒߡߩ᦭ലᕈࠍታ⸽ߔࠆߚ߼ߩ GXࡠࠤ࠶࠻ߩ⎇ⓥ㐿⊒߇ᚒ߇࿖ߢㅴ߼ࠄࠇߡ޿ࠆ 1)㧚 
LNGࠛࡦࠫࡦ♽ߢߪᕈ⢻ะ਄ߥࠄ߮ߦࠛࡦࠫࡦዊဳൻࠍ⁓޿㧘࠲࡯ࡏࡐࡦࡊൻߩ⎇ⓥ߇ⴕࠊࠇ
ߡ߅ࠅ㧘ਥΆ὾ེߪ LNG ߦࠃࠆౣ↢಄ළ㧘ࡁ࠭࡞ߪࠟࠬࠫࠚࡀ࡟࡯࠲࡯߆ࠄߩឃࠟࠬࠍ೑↪ߒ
ߚ࠳ࡦࡊ಄ළ߇ᬌ⸛ߐࠇߡ޿ࠆ 2)㧚ߎߩ಄ළ↪ࡔ࠲ࡦߪᾲಽ⸃ߦ઻߁ࠦ࡯ࠠࡦࠣߦࠃࠅ㧘಄ළḴ
ߩ⁜⓰߿಄ළᕈ⢻ࠍૐਅߐߖࠆߥߤߩ໧㗴ߩน⢻ᕈ߇޽ࠆ㧚ߘߩߚ߼㧘ࡔ࠲ࡦᾲಽ⸃෻ᔕߩ᜼േ
߿㧘಄ළ․ᕈࠍ᣿⏕ߦߔࠆߎߣߪ㊀ⷐߢ޽ࠆ߇㧘ߘࠇࠄߪ᣿⏕ߦߥߞߡ޿ߥ޿㧚 
ᧄႎߢߪ㧘ࡔ࠲ࡦᾲಽ⸃․ᕈࠍ⸃᣿ߔࠆߎߣࠍ⋡⊛ߣߒ㧘ታ㛎㧘ߥࠄ߮ߦℂ⺰⸃ᨆࠍታᣉߒߚ㧚
߹ߕࡔ࠲ࡦ⥄りߩᾲಽ⸃․ᕈࠍታ㛎ߦࠃߞߡ⏕⹺ߒ㧘ᰴߦࡁ࠭࡞᧚ᢱ୥⵬ߢ޽ࠆ Inco718㧘Inco600㧘
A286ߩ⸅ᇦലᨐࠍታ㛎ߦࠃߞߡ⏕⹺ߒߚ㧚ℂ⺰⸃ᨆߪࡔ࠲ࡦ⥄りߩᾲಽ⸃․ᕈߦߟ޿ߡⴕ޿㧘ታ
㛎⚿ᨐߣߩᲧセ࡮ᬌ⸛ࠍⴕߞߚ㧚ߎࠇࠄߩ⚿ᨐࠃࠅ㧘ࡔ࠲ࡦᾲಽ⸃᷷ᐲ߿ࡁ࠭࡞᧚ᢱ୥⵬ߩ⸅ᇦ
ലᨐߦࠃࠆ὇⚛ᨆ಴㊂߳ߩᓇ㗀ߥߤࠍ᣿⏕ߦߒߚ㧚 
 
㪉㪅㩷ታ㛎䊶ಽᨆ㩷
㪉㪅㪈㩷 ታ㛎ⵝ⟎㩷
 ᧄታ㛎ⵝ⟎ߩ᭎ⷐࠍ࿑ 1 ߦ␜ߔ㧚ᧄታ㛎ߢߪ㧘᷹ቯߦ↪޿ࠆ⚐ࡔ࠲ࡦ㧔⚐ᐲ 99.99%㧕㧘ታ㛎೨
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ߦ⹜ᢱ⴫㕙ࠍㆶరߔࠆ᳓⚛㧘ታ㛎೨ᓟߩ૞ᬺਛߩ቟ోߩߚ߼ߦᵹ〝ࠍ⟎឵ߔࠆ⓸⚛߇૶↪ߐࠇࠆ㧚
ታ㛎ⵝ⟎߳ᵹ౉ߔࠆ᳇૕ߪ㧘ಾᦧᑯߦࠃࠅㆬᛯߢ߈ࠆ㧚ฦ᳇૕ߩᵹ㊂㧘෸߮࿶ജߪ࿶ജ⺞▵ᑯ߿
ᵹ㊂⺞▵ᑯࠍ↪޿ߡ⺞▵ߔࠆ㧚ടᾲㇱߢߪ㧘⍹⧷▤ౝߩ᳇૕㧘෸߮⹜ᢱߪ㔚᳇ᛶ᛫Ἱࠍ↪޿ߡᚲ
ቯߩ᷷ᐲ߹ߢടᾲߐࠇࠆ㧚ᧄታ㛎ߢߪ㧘ࡔ࠲ࡦᾲಽ⸃෻ᔕߩ᜼േ߿ࠦ࡯ࠠࡦࠣߩ᭽ሶࠍᬌ⸽ߔࠆ
ߚ߼㧘ㅘ᣿ߥ⍹⧷▤(ౝᓘ 20mm㧘㐳ߐ 1000mm)ࠍ↪޿ߡ޿ࠆ㧚⹜ᢱ㧔㐳ߐ 10᏷ 5ෘߐ 0.5mm㧕
ߪࠕ࡞ࡒ࠽⵾Ά὾ࡏ࡯࠻ࠍ⍹⧷▤ౝߦ౉ࠇ㧘ߘߩਛߦ 10ᨎਗߴࠄࠇ㧘㔚᳇ᛶ᛫Ἱߩਛᔃߦ⸳⟎ߐ
ࠇࠆ㧚㔚᳇ᛶ᛫Ἱਅᵹߦ޽ࠆࠨࡦࡊ࡞ណขὐߪ㧘ታ㛎ਛߦࠟࠬᚑಽߩࠨࡦࡊ࡞ࠟࠬࠍណขߔࠆߚ
߼ߦ⸳ߌߡ޿ࠆ㧚࠼࡜ࡈ࠲ߪታ㛎ᓟߩឃࠟࠬࠍ࿁෼ߔࠆߚ߼ߦ⸳ߌߡ޿ࠆ㧚࠼࡜ࡈ࠲ߦ࿁෼ߐࠇ
ߚឃࠟࠬߪᄢ᳇㐿᡼ߔࠆ㧚 
 
 
 
㪉㪅㪉㩷 ታ㛎᧦ઙ㩷
ᧄታ㛎ߩታ㛎᧦ઙࠍ⴫ 1ߦ␜ߔ㧚ห⴫߆ࠄࠊ߆ࠆࠃ߁ߦᧄታ㛎ߪૐᵹ㊂㧘ૐ࿶ജߢ޽ࠆḰ㕒⊛
ⅣႺߦ߅ߌࠆታ㛎ߢ޽ࠆ㧚ᧄታ㛎ߢߪ㧘ታ㛎೨ߦవߕ⹜㛎 ߦઃ⌕ߒߚᳪࠇ㒰෰ߔࠆߚ߼ߦࠕ࠮
࠻ࡦಣℂࠍⴕߞߚ㧚ߘߩᓟฦ⹜㛎⋥೨ߦߪ⹜ᢱ⴫㕙ߩ㉄ൻ⊹⤑ࠍ㒰ߊߚ߼㧘500͠ߢ᳓⚛ㆶరࠍታ
ᣉߒߚ㧚ᧄታ㛎ߢߪ㧘ታ㛎ߩౣ⃻ᕈࠍ⏕⹺ߔࠆߚ߼㧘޽ࠆ 1᧦ઙߩታ㛎ࠍ 2ᐲታᣉߒߚ㧚 
 
㪉㪅㪊㩷 ಽᨆౝኈ㩷
 ᧄታ㛎ߢߪ㧘ࡔ࠲ࡦᾲಽ⸃․ᕈࠍ⹏ଔߔࠆߚ߼㧘ታ㛎೨ᓟߩ⹜ᢱߩ⴫㕙⁁ᘒ߿㧘ࠟࠬᚑಽߩ․
ቯ㧘⹜ᢱ⴫㕙ߦᨆ಴ߒߚ‛⾰ߩ⚵ᚑࠍ⸃᣿ߔࠆߚ߼㧘⴫ 2ߦ␜ߔಽᨆࠍⴕ߁㧚 
 
⴫ 1 ታ㛎᧦ઙ৻ⷩ 
500㧘700㧘800㧔╬᷷ታ㛎㧕 
᷷ᐲ㧔͠㧕 
500㨪850㧔᣹᷷ታ㛎㧕 
࿶ജ㧔MPa㧕 0.20 
ᵹ㊂㧔mͰ/min㧕 20 
⹜ᢱ᧚⾰ Inco718㧘Inco600㧘A286 
ታ㛎ᤨ㑆(min) 
60ಽ଻ᜬ㧔╬᷷ታ㛎㧕 
40ಽߢ 500͠㨪850߳͠᣹᷷ 
࿑ 1 ታ㛎ⵝ⟎᭎ⷐ 
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⴫ 2 ಽᨆౝኈ৻ⷩ 
ಽᨆᣇᴺ ಽᨆ㗄⋡ 
᭎ⷰⷰኤ ⹜ᢱ᭎ⷰࠍⷰኤ 
ࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈࠖ࡯ ታ㛎ᓟߩࠟࠬᚑಽࠍ․ቯ 
ࡑࠢࡠ࡮ࡒࠢࡠⷰኤ ታ㛎೨ᓟߩ⹜ᢱ⴫㕙ߩᄌൻࠍⷰኤ 
㔚ሶᄤ⒊ ታ㛎೨ᓟߢ⹜ᢱߩ㊀㊂ᄌൻࠍ⺞ᩏ㧔0.1mg߹ߢ଻⸽㧕
EPMA,XRDಽᨆ ⹜ᢱ⴫㕙ߩ⚵ᚑࠍ⸃᣿ 
࡜ࡑࡦಽᨆ ⹜ᢱ⴫㕙ߦᨆ಴ߒߚᨆ಴‛ߩ⚿᥏᭴ㅧࠍ⸃᣿ 
 
㪊㪅㩷⚿ᨐ㩷
㪊㪅㪈㩷 ታ㛎⚿ᨐ㩷
 ࡔ࠲ࡦᾲಽ⸃ታ㛎⚿ᨐ଀ߣߒߡ㧘᣹᷷ታ㛎⚿ᨐࠍ࿑ 2ߦ㧘800͠╬᷷ታ㛎⚿ᨐࠍ࿑ 3ߦ㧘ታ㛎
೨ᓟߩ⹜㛎 ߩ᭽ሶࠍ࿑ 4 ߦ␜ߔ㧚࿑ 2㧘࿑ 3 ߩ❑ゲߦ૶↪ߒߡ޿ࠆࡔ࠲ࡦォൻ₸ߪࡔ࠲ࡦߣࡔ
࠲ࡦᾲಽ⸃෻ᔕߦࠃࠅ⊒↢ߒߚ᳓⚛ߩ૕Ⓧഀวࠍ⴫ߒ㧘ࡔ࠲ࡦォൻ₸ 0%ߩᤨ㧘᳓⚛ߪ⊒↢ߒߡ
޿ߥ޿㧚࿑ 2 ਛߩࡔ࠲ࡦォൻ₸ߩᄌൻࠃࠅ㧘ࡔ࠲ࡦᾲಽ⸃㐿ᆎ᷷ᐲߪࡔ࠲ࡦ⥄りߢߪ⚂ 800͠㧘
⹜ᢱࠍ⸳⟎ߒߚ႐วߢߪ⚂ 650͠ߢ޽ࠆߎߣ߇ࠊ߆ࠆ㧚ߎࠇ߆ࠄ㧘ᧄታ㛎ߢଏߒߚ㊄ዻ᧚ᢱߪߤ
ࠇ߽ࡔ࠲ࡦᾲಽ⸃෻ᔕߦኻߔࠆ⸅ᇦലᨐࠍ᦭ߒߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚࿑ 3ࠃࠅ৻ቯ᷷ᐲਅߦ߅
ߌࠆࡔ࠲ࡦォൻ₸ߪࡔ࠲ࡦ⥄りߢߪᤨ㑆⚻ㆊߦ߅ߌࠆᄌൻߪ⷗ࠄࠇߥ޿߇㧘⹜ᢱࠍ⸳⟎ߒߚ႐ว
ߪᤨ㑆⚻ㆊߣ౒ߦᷫዋߔࠆ௑ะ߇⷗ࠄࠇߚ㧚ߎߩේ࿃ߪ࿑ 4ਛߩታ㛎ᓟ⹜ᢱ߆ࠄ⏕⹺ߢ߈ࠆ⹜ᢱ
⴫㕙߳ߩᨆ಴‛ߦࠃࠅ⸅ᇦ㊄ዻ⹜ᢱ⴫㕙߇ⷒࠊࠇߚߎߣߣ⠨߃ࠄࠇࠆ㧚ߎߩᨆ಴‛ߪࡔ࠲ࡦᾲಽ
⸃෻ᔕߦ઻޿⊒↢ߒߚ὇⚛ᚑಽߢ޽ࠆߣ⠨߃ࠄࠇࠆ߇ಽᨆߦࠃࠅ᣿ࠄ߆ߦߔࠆ㧚 
࿑ 4ࠃࠅ㧘ታ㛎೨ߦ㊄ዻశᴛ߇⷗ࠄࠇߚ⹜㛎 ⴫㕙ߪታ㛎ᓟ㤥ߊᄌ⦡ߒߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚
ߎࠇߪࡔ࠲ࡦᾲಽ⸃෻ᔕߦ઻߁὇⚛ᚑಽߩᨆ಴ߦࠃࠆ߽ߩߣ⠨߃ࠄࠇ㧘ಽᨆߦࠃࠅ᣿ࠄ߆ߦߔࠆ㧚 
 
㪊㪅㪉㩷 ಽᨆ⚿ᨐ㩷
 ታ㛎ᓟ⹜ᢱ⴫㕙ߦߪ਄⸥ߩࠃ߁ߦᨆ಴‛߇⏕⹺ߐࠇߚ㧚ߘߎߢታ㛎ᓟ⹜ᢱ⴫㕙⚵ᚑߩ⸃᣿ߩߚ
߼ EPMA㧔㔚ሶࡊࡠ࡯ࡉࡑࠗࠢࡠࠕ࠽࡜ࠗࠩ࡯㧕ಽᨆࠍⴕߞߚ㧚EPMAಽᨆߦࠃࠆቯᕈಽᨆ⚿ᨐ
଀ࠍ࿑ 5ߦ␜ߔ㧚ห࿑ࠃࠅ㧘ታ㛎೨⹜ᢱ⴫㕙ߢߪ⏕⹺ߐࠇߥ߆ߞߚ὇⚛ᚑಽ߇⏕⹺ߐࠇߚ㧚ߎߩ
὇⚛ᚑಽߩ⚿᥏᭴ㅧࠍ࡜ࡑࡦಽᨆߦࠃࠅ⸃᣿ߒߚ⚿ᨐ㧘ᾲಽ⸃὇⚛߿ήቯᒻ὇⚛ߢ޽ࠆߎߣ߇್
᣿ߒߚ㧚߹ߚ XRD㧔㨄࿁᛬ᴺ㧕ಽᨆߩ⚿ᨐ㧘ታ㛎೨ᓟߢߩ⹜ᢱౝㇱ᭴ㅧߦᄌൻߪ⷗ࠄࠇߕ㧘ᨆ಴
ߒߚ὇⚛ᚑಽߪ⹜ᢱౝㇱߦߪᓇ㗀ߒߥ޿ߎߣ߇ࠊ߆ߞߚ㧚 
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 ࿑ 2 800͠╬᷷ታ㛎⚿ᨐ ࿑ 3 ᣹᷷ታ㛎⚿ᨐ 
  
 (a) ታ㛎೨ (B) ᣹᷷ታ㛎ᓟ 
࿑ 4 ታ㛎೨ᓟߩ⹜ᢱߩ᭽ሶ 
  
 (a) ታ㛎೨ (b) ᣹᷷ታ㛎ᓟ 
࿑ 4 EPMAಽᨆ⚿ᨐ଀㧔Inco718㧕 
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㪋㪅㩷 䉁䈫䉄㩷
ᧄႎߢߪ㧘ࡔ࠲ࡦᾲಽ⸃․ᕈࠍ᣿ࠄ߆ߦߔࠆߚ߼㧘ታ㛎㧘ߥࠄ߮ߦಽᨆࠍታᣉߒߚ㧚ขᓧߒߚ
ታ㛎࠺࡯࠲㧘ಽᨆ࠺࡯࠲ࠃࠅ㊄ዻ⹜ᢱߩ⸅ᇦലᨐߩ᦭ήߦࠃࠆࡔ࠲ࡦᾲಽ⸃㐿ᆎ᷷ᐲ߿ᨆ಴‛ߩ
ᨆ಴㊂߿ᨆ಴ෘߐ㧘ታ㛎ᓟ⹜ᢱߩ⚵ᚑߩᄌൻߦߟ޿ߡ⹏ଔࠍⴕߞߚ㧚ߘߩ⚿ᨐ㧘ᧄ⎇ⓥߩታ㛎▸
࿐ߢߪࡔ࠲ࡦᾲಽ⸃෻ᔕߦ઻߁ࠦ࡯ࠠࡦࠣߢߪ಄ළḴߩ⁜⓰ߪ⷗ࠄࠇߥ޿ߣ⠨߃ࠄࠇࠆ㧚ߒ߆ߒ㧘
㊄ዻ⹜ᢱߩ⸅ᇦലᨐߦࠃࠅࡔ࠲ࡦᾲಽ⸃㐿ᆎ᷷ᐲ߇⚂ 150͠ૐਅߔࠆߎߣ߇ࠊ߆ࠅ㧘ࠛࡦࠫࡦਥ
Ά὾ེ߿ࡁ࠭࡞⸳⸘ߦ߅޿ߡ⠨ᘦߔࠆᔅⷐ߇޽ࠆ㧚੹ᓟ㧘ታᯏⅣႺࠍᮨᡆߒߚേ⊛ⅣႺ㧔㜞࿶㧘
㜞ᵹ㊂㧕ߦ߅޿ߡታ㛎ࠍⴕ޿㧘ᧄታ㛎⚿ᨐߣߩ⋧㆑ࠍᬌ⸽ߒታᯏߦ߅ߌࠆࠦ࡯ࠠࡦࠣ․ᕈߩ⹏ଔ
ࠍⴕ߁੍ቯߢ޽ࠆ㧚 
 
ෳ⠨ᢥ₂㩷
1) ⑺రᢅ↵䋺LNGផㅴ♽㘧ⴕታ⸽ࡊࡠࠫࠚ࠶࠻ߩ㐿⊒⁁ᴫ㧘JAXAࡎ࡯ࡓࡍ࡯ࠫ㧘2006㧚
2) LNGផㅴ♽䈱㐿⊒䋺JAXA䊖䊷䊛䊕䊷䉳䊒䊧䉴䊥䊥䊷䉴䋬2002䋮 
 
ᧄ⎇ⓥ䈮㑐䈜䉎⊒⴫⺰ᢥ㩷
(1)᧲㊁๺ᐘ㧘᧖ጟᱜᢅ㧘ዊᨋ㓉ᄦ㧘Ḋ੫ੑ㇢㧘ਣ␭੺㧘╣ጊኈ⾗㧘ᄢႦ㓷਽㧘’㊁㓉㧘ဈญ⵨ਯ㧦
LNG ࡠࠤ࠶࠻ࠛࡦࠫࡦߩࠦ࡯ࠠࡦࠣ․ᕈߦ㑐ߔࠆၮ⋚⎇ⓥ㧘╙ 51 ࿁ቝቮ⑼ቇᛛⴚㅪว⻠Ṷળ
2C05㧘2007.10.29/31 
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ඹྠ◊✲ሗ࿌㻔㻶㻭㼄㻭㻌Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻕㻌
䠉㻌 㻸㻺㻳 䝃䝹䝣䜯䞊䜰䝍䝑䜽㻛䝁䞊䜻䞁䜾䛻㛵䛩䜛◊✲䠄䝃䝹䝣䜯䞊䜰䝍䝑䜽ศ䠅㻌
ᮾ㔝 ࿴ᖾ䠄⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲䝉䞁䝍䞊 ᩍᤵ䠈ᩍ⫱◊✲➼ᨭ᥼ᶵᵓ ᩍᤵ䠅  
ᮡᒸ ṇᩄ䠄ᛂ⏝໬Ꮫ⛉ ᩍᤵ䠅 
ᑠᯘ 㝯ኵ䠄ᛂ⏝໬Ꮫ⛉ ᢏ⾡⫋ဨ䠅㻌
ቃ㻌ᫀᏹ䠄ᶵᲔ䝅䝇䝔䝮ᕤᏛ⛉㻌ㅮᖌ䠅㻌
‖㻌ு஧㑻䠄ᶵᲔ䝅䝇䝔䝮ᕤᏛ⛉㻌ຓᩍ䠅㻌
䕿㻌 㻌 㻌➲ᒣ㻌ᐜ㈨䠄ᶵᲔ䝅䝇䝔䝮ᕤᏛᑓᨷ㻌⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲ᐊ䠅㻌
኱ሯ㻌㞞ஓ䠄ᛂ⏝໬Ꮫ⛉㻌཯ᛂ໬Ꮫ◊✲ᐊ䠅㻌
Ἀ⏣㻌⪔୍䠄㻶㻭㼄㻭 Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻌Ᏹᐂ㍺㏦⣔᥎㐍ᢏ⾡◊✲㛤Ⓨ䝉䞁䝍䞊㻌ᢏ⾡㡿ᇦ䝸䞊䝎䞊䠅㻌
ᚿᮧ㻌㝯䠄㻶㻭㼄㻭 Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻌Ᏹᐂ㍺㏦⣔᥎㐍ᢏ⾡◊✲㛤Ⓨ䝉䞁䝍䞊㻌䜾䝹䞊䝥㛗䠅㻌
㟷ᮌ㻌㈼ྖ䠄㻶㻭㼄㻭 Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻌Ᏹᐂ㍺㏦⣔᥎㐍ᢏ⾡◊✲㛤Ⓨ䝉䞁䝍䞊㻌୺௵㛤Ⓨဨ䠅㻌
ᮾ㻌ఙᖾ䠄㻶㻭㼄㻭 Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻌Ᏹᐂ㍺㏦⣔᥎㐍ᢏ⾡◊✲㛤Ⓨ䝉䞁䝍䞊㻌㛤Ⓨဨ䠅㻌
ᕝᓥ㻌⚽ே䠄㻶㻭㼄㻭 Ᏹᐂᇶᖿ䝅䝇䝔䝮ᮏ㒊㻌 㻸㻺㻳 䝥䝻䝆䜵䜽䝖䝏䞊䝮㻌㛤Ⓨဨ䠅㻌
㻌
㻌
㻝㻚㻌◊✲ᴫせ䞉┠ⓗ㻌
ࣟࢣࢵࢺ࡟ࡼࡿᏱᐂ㍺㏦ࢩࢫࢸ࣒ࡢ㐠⏝ࢥࢫࢺࢆపῶࡍࡿࡓࡵࡢ 1ࡘࡢ᪉⟇࡜ࡋ࡚ᗮ౯࡞᥎㐍
๣ࢆ౑⏝ࡍࡿࡇ࡜ࡀᣲࡆࡽࢀࡿ㸬ࡇࡢせồࢆ‶ࡓࡍ᥎㐍๣⇞ᩱ࡜ࡋ࡚ᾮ໬ኳ↛࢞ࢫ㸦௨ୗ LNG
࡜グࡍ㸧ࡀ᭷ຊ࡞ೃ⿵࡜࡞ࡗ࡚࠾ࡾ㸪LNG ᥎㐍⣔ࣟࢣࢵࢺࡢ㛤Ⓨࡀ㐍ࡵࡽࢀ࡚࠸ࡿ㸬ࡋ࠿ࡋ㸪
LNG ⇞ᩱࢆࣟࢣࢵࢺࡢ⇞↝ᐊࡸࣀࢬࣝࡢ෭༷࡟⏝࠸ࡿሙྜ㸪ࡑࡢ≉ᛶࡀ༑ศ࡟᫂ࡽ࠿࡟࡞ࡗ࡚
࠸࡞࠸㸬 
෌⏕෭༷ࢧ࢖ࢡࣝࡢ࢚ࣥࢪ࡛ࣥࡣ㸪෭༷๣࡟ LNG⇞ᩱࡀ᳨ウࡉࢀ࡚࠸ࡿ㸬ࡋ࠿ࡋ LNG୰࡟ࡣ
◲㯤ᡂศࡀྵࡲࢀ࡚࠾ࡾ㸪⇞↝ᐊࡢ㖡ྜ㔠ࡀ◲㯤ᡂศ࡜཯ᛂࡋ⭉㣗ࡍࡿၥ㢟㸦௨ୗࢧࣝࣇ࢓࣮࢔
ࢱࢵࢡ࡜グࡍ㸧ࡀ࠶ࡿ㸬ࡲࡓ෭༷⁁ࢆὶࢀࡿ LNG ⇞ᩱࡣ෭༷⁁ᵓ㐀ᮦᩱࡢゐ፹ຠᯝ࡟ࡼࡾ⇕ศ
ゎࢆጞࡵ㸪ࡇࢀ࡟క࠺෭༷⟶ෆቨ࡬ࡢࢥ࣮࢟ࣥࢢ⌧㇟࡟ࡼࡾ෭༷⟶ෆቨࡢ෭༷ᛶ⬟ࡢపୗࡸ෭༷
⁁ࡀ⊃✽ࡍࡿྍ⬟ᛶࡀ⏕ࡌࡿ㸬ࡑࡢࡓࡵࢧࣝࣇ࢓࣮࢔ࢱࢵࢡ࡜ࢥ࣮࢟ࣥࢢࡣ LNG ෌⏕෭༷࢚ࣥ
ࢪࣥࢆタィࡍࡿ㝿ࡢㄢ㢟࡜࡞ࡗ࡚࠸ࡿ㸬 
ᮏ◊✲࡛ࡣࢧࣝࣇ࢓࣮࢔ࢱࢵࢡ࡟ࡘ࠸࡚◊✲㛤Ⓨࣜࢫࢡࢆపῶࡍࡿࡓࡵ࡟ࢧࣝࣇ࢓࣮࢔ࢱࢵ
ࢡ࡟㛵ࡍࡿᇶ♏ᐇ㦂ࢆᐇ᪋ࡋ㸪タィᣦᶆ࡟⧅ࡀࡿᇶ♏ࢹ࣮ࢱࢆྲྀᚓࡍࡿࡶࡢ࡛࠶ࡿ㸬ࢥ࣮࢟ࣥࢢ
࡟㛵ࡍࡿ◊✲ෆᐜࡣࢥ࣮࢟ࣥࢢࡢ◊✲⤂௓ࢆཧ↷ࡉࢀࡓ࠸㸬 
 
㻞㻚㻌ᐇ㦂䞉ศᯒ㻌
㻞㻚㻝㻌 ᐇ㦂⿦⨨㻌
 ᮏ◊✲࡛౑⏝ࡋࡓᐇ㦂⿦⨨ࡢᴫせࢆᅗ 1࡟♧ࡍ㸬ᮏ◊✲࡛ࡣࢧࣝࣇ࢓࣮࢔ࢱࢵࢡᐇ㦂ࡣࡇࡢᐇ
㦂⿦⨨ࢆ⏝࠸࡚ᐇ᪋ࡋࡓ㸬ᐇ㦂࢞ࢫࡣྠᅗྑഃࡼࡾᅽຊࡸὶ㔞ࢆㄪ⠇ࡋࡓᚋ㔠ᒓᮦᩱヨ㦂∦ࢆタ
⨨ࡋࡓ▼ⱥ⟶࡟ὶධࡋ㸪㟁Ẽ᢬ᢠ⅔࡟ࡼࡾຍ⇕ࡉࢀࡿ㸬ࢧࣥࣉࣝ᥇ྲྀⅬ࡛ࡣ࢞ࢫᡂศศᯒࡢࡓࡵ
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ߩࠨࡦࡊ࡝ࡦࠣࠟࠬࠍขᓧߔࠆ㧚ടᾲᓟߩታ㛎ࠟࠬߪ࠼࡜ࡈ࠲ߦࠃࠅᏗ㉼ߒ㧘ᄢ᳇᡼಴ߐࠇࠆ㧚 
 
㪉㪅㪉㩷 ታ㛎᭎ⷐ㩷
ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢታ㛎ߢߪ⎫ൻ᳓⚛㧔⚂ 10ppm㧘⚂ 2ppm㧘⚂ 0.2ppm㧕ߦࠃࠆࠨ࡞ࡈࠔ࡯ࠕ
࠲࠶ࠢߩᓇ㗀ࠍᛠីߔࠆߎߣࠍ⋡⊛ߣߒ㧘ታ㛎ࠍⴕߞߚ㧚ᧄታ㛎ߢߪ߹ߕ㧘ਇᵴᕈࠟࠬߢ޽ࠆ⓸
⚛ߦ⎫ൻ᳓⚛ࠍᷙวߒߚࠟࠬࠍ↪޿ߡ 700K৻ቯ᷷ᐲਅߦ߅ߌࠆ⎫ൻ᳓⚛ߦࠃࠆ㊄ዻ᧚ᢱ㧔SMC㧘
Inco600㧘SUS316㧘OFHC㧘OMC㧕߳ߩࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢࠍ⏕⹺ߒߚ㧚ߘߩᓟ㧘ታ㓙ߩ LNGⅣ
Ⴚࠍᗐቯߒ LNG ਥᚑಽߢ޽ࠆࡔ࠲ࡦߦ⎫ൻ᳓⚛ࠍᷙวߒߚࠟࠬࠍ↪޿ߡ᣹᷷ታ㛎㧔ᦨ㜞᷷ᐲ
773K㧕㧘ਗ߮ߦ╬᷷ታ㛎㧔750K㧘600K㧕ࠍⴕ߁ߎߣߦࠃࠅ㊄ዻ᧚ᢱ߳ߩࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߦኻ 
 
 
࿑ 1 ታ㛎ⵝ⟎᭎ⷐ 
 
 
 
⴫ 1 ታ㛎᧦ઙ 
╬᷷㧦600㧘750㧘700㧔⓸⚛+⎫ൻ᳓⚛ߩߺ㧕 
ታ㛎᷷ᐲ㧔K㧕 
᣹᷷㧦Ᏹ᷷㨪750K/1200K㧔⓸⚛+⎫ൻ᳓⚛ߩߺ㧕 
࿶ജ㧔MPa㧕 0.20 
ᵹ㊂㧔mͰ/min㧕 20 
⹜ᢱ᧚⾰ SMC㧘Inco600㧘SUS316㧘OFHC㧘OMC 
ታ㛎ᤨ㑆(min) 
⓸⚛+⎫ൻ᳓⚛㧔1.86ppm㧘10.4ppm㧕 
ࡔ࠲ࡦ+⎫ൻ᳓⚛㧔0.21ppm㧘2.77ppm㧘10.7ppm㧕 
⚐ࡔ࠲ࡦ㧔99.9%㧕 
*SMC: Cu 99.13%,Zr 0.8%,Cr 0.07% 
**OMC: Cu 99.12%,Zr 0.1%,Cr 0.7%,OT 0.1 
* ** 
F 
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ߔࠆ⎫ൻ᳓⚛Ớᐲߩᓇ㗀߿ടᾲ᷷ᐲߩᓇ㗀ࠍ⏕⹺ߒߚ㧚 
 
㪉㪅㪊㩷 ಽᨆౝኈ㩷
 ᧄ⎇ⓥߢߪ⎫㤛ᚑಽߦࠃࠆࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߩ⹏ଔߩߚ߼㧘ታ㛎೨ᓟߩ⹜㛎 ⴫㕙⚵ᚑ߿ട
ᾲᓟߩࠟࠬᚑಽߩ․ቯ㧘⹜㛎 ౝㇱ⚵ᚑߩᄌൻࠍ⸃᣿ߔࠆߚ߼㧘⴫ 2ߦ␜ߔಽᨆࠍⴕ߁㧚 
 
 
⴫ 2 ಽᨆౝኈ৻ⷩ 
ಽᨆᣇᴺ ಽᨆ㗄⋡ 
᭎ⷰⷰኤ ⹜㛎 ᭎ⷰࠍⷰኤ 
ࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈࠖ࡯ ታ㛎ᓟߩࠟࠬᚑಽࠍ․ቯ 
ࡑࠢࡠ࡮ࡒࠢࡠⷰኤ ታ㛎೨ᓟߩ⹜㛎 ⴫㕙ߩᄌൻࠍⷰኤ  
㔚ሶᄤ⒊ ታ㛎೨ᓟߢ⹜㛎 ߩ㊀㊂ᄌൻࠍ⺞ᩏ㧔0.1mg߹ߢ଻⸽㧕
EPMAಽᨆ ⹜㛎 ⴫㕙ߩ⚵ᚑࠍ․ቯ  
XRDಽᨆ ⹜㛎 ౝㇱߩ⚿᥏᭴ㅧࠍ․ቯ㧔⴫㕙ࠃࠅᷓߐ⚂ 100Ǵm㧕
࡜ࡑࡦಽᨆ ⹜㛎 ⴫㕙ߦᨆ಴ߒߚᨆ಴‛ߩ⚿᥏᭴ㅧࠍ․ቯ  
ࠞ࠰࡯࠼ㆶర ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߩቯᕈ⊛㧘ቯ㊂⊛⹏ଔ 
ᒁᒛ⎕ᢿ⹜㛎 ታ㛎೨ᓟߩ᧚ᢱᒝᐲࠍ⹏ଔ 
㩷
㪊㪅㩷⚿ᨐ㩷
㪊㪅㪈㩷 ታ㛎⚿ᨐ㩷
ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢታ㛎⚿ᨐ଀ߣߒߡ࿑ 2ߦ᣹᷷ታ㛎ߢߩ⎫ൻ᳓⚛ォൻ₸ࠍ␜ߔ㧚ߎߎߢ⎫ൻ
᳓⚛ォൻ₸ߣߪടᾲ೨ߩታ㛎ࠟࠬߦ฽߹ࠇࠆ⎫ൻ᳓⚛㊂ߣടᾲᓟߩࠨࡦࡊ࡝ࡦࠣࠟࠬߦ฽߹ࠇࠆ
⎫ൻ᳓⚛㊂ߩ૕ⓍᲧࠍ⴫ߒߡ޿ࠆ㧚ห࿑ࠃࠅ㧘⎫ൻ᳓⚛ォൻ₸ߪߤߩ㊄ዻ᧚ᢱࠍ⸳⟎ߒߚ႐วߦ
߅޿ߡ߽Ᏹ᷷ߢ 50%એ਄ࠍ␜ߒ㧘400Kએ਄ߢߪ 100%ࠍ␜ߒߡ޿ࠆ㧚ߎࠇ߆ࠄ㧘⎫ൻ᳓⚛ߪᏱ᷷
ࠃࠅ㊄ዻ⹜㛎 ߦๆ⌕ߒߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚 
㩷
㪊㪅㪉㩷ಽᨆ⚿ᨐ㩷
 ਄ㅀߩࠃ߁ߦ⎫ൻ᳓⚛ߪᏱ᷷ߦ߅޿ߡ߽㊄ዻ᧚ᢱ߳ߩๆ⌕߇⷗ࠄࠇߚ㧚ߘߎߢ㧘ታ㛎೨ᓟߩ㊄
ዻ⹜㛎 ߩ⴫㕙⚵ᚑࠍ᣿ࠄ߆ߦߔࠆߚ߼ߦ EPMA ಽᨆࠍⴕߞߚ㧚ታ㛎ᓟ⹜㛎 ߦߟ޿ߡⴕߞߚ
EPMAಽᨆ⚿ᨐ଀ࠍ࿑ 3ߦ␜ߔ㧚ห࿑ࠃࠅ㧘ታ㛎ᓟ㊄ዻ⹜㛎 ⴫㕙ߦߪࡇ࡯ࠢᒝᐲ߇ዊߐ޿߽ߩ
ߩ⎫㤛ᚑಽߩࡇ࡯ࠢ߇ߺࠄࠇߚ㧚ߎࠇ߆ࠄ㧘⹜㛎 ⴫㕙߳ߩ⎫ൻ᳓⚛ߩๆ⌕߇⏕⹺ߐࠇߚ㧚ߎߩ
⎫㤛ᚑಽߪ࡜ࡑࡦಽᨆߩ⚿ᨐ㧘㊄ዻ᧚ᢱߣ⚿วߒ⎫ൻ‛ࠍ↢ᚑߒߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚ߚߛߒ
⎫ൻ‛ߩෘߺߪ XRDಽᨆ߿ࠞ࠰࡯࠼ಽᨆߩ⚿ᨐ߆ࠄ⚂ 100nmએਅߢ޽ࠆߎߣ߇ࠊ߆ߞߚ㧚 
 ߹ߚ㧘ታ㛎೨ᓟߩ⹜㛎 ߦߟ޿ߡᒁᒛ⎕ᢿ⹜㛎ࠍⴕߞߚ⚿ᨐ㧘ታ㛎೨ᓟߩ⹜㛎 ߩ᧚ᢱᒝᐲߦ
Ꮕ⇣ߪߥߊ㧘ᧄታ㛎᧦ઙߢߪ⎫ൻ᳓⚛ߩๆ⌕㧘⎫ൻ‛ߩ↢ᚑߪ᧚ᢱᒝᐲߦኻߔࠆᓇ㗀߇ߥ޿ߎߣ
߇᣿ࠄ߆ߦߥߞߚ㧚 
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 (c)SUS316 (d)OFHC 
࿑ 2 ᣹᷷ታ㛎⚿ᨐ㧔⎫ൻ᳓⚛Ớᐲ 10.7ppm㧕 
 
  
 (a)SMC (b)Inco600 
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  
 (c)SUS316 (d)OFHC 
 
 
(e)OMC 
࿑ 3 EPMAಽᨆ⚿ᨐ㧔⎫ൻ᳓⚛Ớᐲ 10.7ppm㧕 
 
㪊㪅㪊㩷 䉰䊦䊐䉜䊷䉝䉺䉾䉪෻ᔕᯏ᭴㩷
 ᧄ⎇ⓥߢߪ㧘ታ㛎ਗ߮ߦಽᨆߩ⚿ᨐࠍ〯߹߃㧘ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢ෻ᔕᯏ᭴ߦߟ޿ߡ⠨ኤࠍⴕ
ߞߚ㧚⠨ኤߩ⚿ᨐ㧘ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢ෻ᔕᯏ᭴ߪᏱ᷷㨪900K߹ߢߩ⎫ൻ᳓⚛ߩๆ⌕ߣ 900Kએ
਄ߢߩ⎫ൻ᳓⚛ߩᾲಽ⸃ࠍ⊒┵ߣߒߡㅴ߻ߣ⠨߃ࠄࠇࠆ㧚 
 
㪊㪅㪊㪅㪈㩷 ⎫ൻ᳓⚛䈱ๆ⌕䈮䉋䉎෻ᔕᯏ᭴㩷
࿑ 4ߦ⎫ൻ᳓⚛ߩๆ⌕ߦࠃࠆ෻ᔕᯏ᭴ࠍ␜ߔ㧚ห࿑ࠃࠅ㧘⎫ൻ᳓⚛ߩๆ⌕ߦࠃࠆ෻ᔕᯏ᭴ߪ⎫
ൻ᳓⚛ߩๆ⌕ᓟ㧘᳓⚛ේሶ߇৻ߟߕߟ೸߇ࠇ᳓⚛ߣߥࠅ㧘㌃⴫㕙ߦᱷߞߚ⎫㤛ߣ㌃ߩൻቇ෻ᔕߦ
ࠃࠅ⎫ൻ㌃߇↢ᚑߐࠇࠆߣ⠨߃ࠄࠇࠆ㧚 
 
࿑ 4 ⎫ൻ᳓⚛ߩๆ⌕ߦࠃࠆ෻ᔕᯏ᭴ 
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㪊㪅㪊㪅㪉㩷 ⎫ൻ᳓⚛䈱ᾲಽ⸃㩷
 900Kએ਄ߢߪ㧘⎫ൻ᳓⚛ߪએਅߩ(1-1)ᑼߢ␜ߔ෻ᔕᯏ᭴ߦࠃࠅᾲಽ⸃ࠍ⿠ߎߔ(1)㧚 
 
 H2SψHS㨯+H㨯  
 HS㨯+H㨯ψS+H2 (1-1) 
 
ߎߎߢ㧘⎫ൻ᳓⚛ᾲಽ⸃ߦࠃࠅ↢ᚑߐࠇߚ⎫㤛ᚑಽߪ㧘㌃ᚑಽߣ⚿วߒ㧘(1-2)ᑼߩࠃ߁ߦ⎫ൻ㌃
ࠍ↢ᚑߔࠆ㧚 
 
 2Cu+SψCu2S (1-2) 
 
㪋㪅㩷 䉁䈫䉄㩷
ᧄႎߢߪ㧘LNG ⅣႺߦ߅ߌࠆࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߦ㑐ߔࠆၮ␆࠺࡯࠲ขᓧࠍ⋡⊛ߣߒ㧘LNG
ⅣႺࠍᮨᡆߒߚࡔ࠲ࡦ+⎫ൻ᳓⚛ᷙวࠟࠬߦࠃࠆടᾲታ㛎㧘ߥࠄ߮ߦಽᨆࠍታᣉߒߚ㧚ขᓧߒߚ
ታ㛎࠺࡯࠲㧘ಽᨆ࠺࡯࠲ࠃࠅ㊄ዻ⹜㛎 ߳ߩ⎫ൻ᳓⚛ߩๆ⌕ਗ߮ߦ⎫ൻ‛ߩ↢ᚑ߇⏕⹺ߐࠇ㧘෻
ᔕᯏ᭴ߦߟ޿ߡ⠨ኤߔࠆߎߣ߇ߢ߈ߚ㧚ߒ߆ߒ㊄ዻ᧚ᢱߩ᧚ᢱᒝᐲߦኻߔࠆᓇ㗀ߪߥ޿ߎߣ߇ࠊ
߆ߞߚ㧚ߒ߆ߒ㧘ታᯏⅣႺߢߪ↢ᚑߐࠇߚ⎫ൻ‛߇೸߉ขࠄࠇࠆߎߣ߽޽ࠅ㧘ᧄታ㛎⚿ᨐߣᲧセ
ߒߡ⎫ൻ᳓⚛ߩᓇ㗀߇ᄢ߈ߊߥࠆน⢻ᕈ߇޽ࠆ㧚ߘߩߚ߼㧘੹ᓟታ㛎ⅣႺࠍᮨᡆߒߚേ⊛ⅣႺ㧔㜞
࿶㧘㜞ᵹ㊂㧕ߦ߅޿ߡታ㛎ⴕ޿㧘ࠨ࡞ࡈࠔ࡯ࠕ࠲࠶ࠢߦ㑐ߔࠆ࠺࡯࠲ࠍขᓧߔࠆߣ౒ߦᧄታ㛎⚿
ᨐߣߩ⋧㆑ࠍᬌ⸽㧘⹏ଔࠍⴕ߁੍ቯߢ޽ࠆ㧚 
 
ෳ⠨ᢥ₂㩷
(1) ᧖ጟᱜᢅ㧦⎫ൻ᳓⚛ߩಽ⸃ߦࠃࠆ᳓⚛ߩ࿁෼㧘ⅣႺ⸅ᇦࡂࡦ࠼ࡉ࠶ࠢ㧘ࠛ࠿࡮࠹ࠖ࡯ࠛࠬ಴
 㧘p952-958(2003)㧚 
 
88 
ඹྠ◊✲ሗ࿌㻔ᰴᘧ఍♫ 㻵㻴㻵㻕㻌
䠉㻌ᾮయ䝻䜿䝑䝖䜶䞁䝆䞁୺⇞↝ᐊእ⟄䛾 㻺㼕 㟁㗪⤌⧊䛻㛵䛩䜛◊✲㻌
㻌
㻌 ᮾ㔝㻌 ࿴ᖾ 㻌 䠄⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲䝉䞁䝍䞊㻌 ᩍ⫱◊✲➼ᨭ᥼ᶵᵓ㻌ᩍᤵ䠅㻌
㻌 㥖ᓮ㻌 ៅ୍ 㻌 䠄ᮦᩱ≀ᛶᕤᏛ⛉㻌෸ᩍᤵ䠅㻌
㻌 䕿㻌 㻌 㻌➲ᒣ㻌 ᐜ㈨ 㻌 䠄ᶵᲔ䝅䝇䝔䝮ᕤᏛᑓᨷ㻌⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲ᐊ䠅㻌
㻌 ຍ⸨㻌ኴ୍㑻㻌 䠄ᮦᩱ≀ᛶᕤᏛᑓᨷ䠅㻌
㻌 ᑎ⏣㻌 ᛅᖹ 㻌 䠄ᮦᩱ≀ᛶᕤᏛ⛉䠅㻌
㻌 ᮌඖ㻌 ೺୍ 㻌 䠄㻔ᰴ㻕㻵㻴㻵㻌 Ᏹᐂ㛤Ⓨ஦ᴗ᥎㐍㒊䠅㻌
㻌 ᆏཱྀ 㻌 ⿱அ㻌 䠄䠄ᰴ䠅䜰䜲䡡䜶䜲䝏䡡䜰䜲䡡䜶䜰䝻䝇䝨䞊䝇㻌 Ᏹᐂᢏ⾡㒊䠅㻌
㻌
㻌
㻝㻚㻌◊✲ᴫせ䞉┠ⓗ㻌
ᮏ◊✲࡛ࡣ㸪ᾮయࣟࢣࢵࢺ࢚ࣥࢪࣥ୺⇞↝ᐊእ⟄࡟⏝࠸ࡿNi㟁㗪ᮦෆࡢᘬᙇᛂຊపῶࡢⅭ㸪㟁
㗪ᮦࡢ⣧ᗘྥୖ➼ࢆ┠ⓗ࡟〇㐀ᕤ⛬ᨵၿࢆ⾜࠸㸪ᨵၿ๓ᚋࡢ〇㐀ᕤ⛬ࡢ␗࡞ࡿNi㟁㗪㟁Ꮚࣅ࣮࣒
⁐᥋⥅ᡭ㸦ᨵၿ๓ᮦ࡜3 ✀㢮ࡢᨵၿᮦ㸧࡟ࡘ࠸࡚㸪ࡑࢀࡽࡢ࣑ࢡࣟ⤌⧊࡜ᶵᲔⓗ≉ᛶࢆㄪᰝࡋ㸪
ᨵၿᮦ࡟࠾ࡅࡿ⁐᥋⥅ᡭ≉ᛶྥୖ㸦࣐ࢽ࣮࣍ࣝࢻࡢ⁐᥋➼ࢆᑐ㇟㸧ࡢ⌮⏤ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ
┠ⓗ࡜ࡋࡓ㸬ᶵᲔⓗ≉ᛶ࡟ࡘ࠸࡚ࡣ㸪ᘬᙇヨ㦂ࢆᐊ ࠾ࡼࡧᾮయ❅⣲ ᗘ㸦-196Υ㸧࡟࡚⾜࠺࡜
࡜ࡶ࡟㸪ࢫ࣮ࣔࣝࣃࣥࢳ㸦SP㸧ヨ㦂࡟ࡼࡾ⁐᥋⥅ᡭ㒊࡟࠾ࡅࡿᙉᗘศᕸࢆ⁐⼥ᇦ㸪⇕ᙳ㡪㒊㸪ẕ
ᮦ㸦೺඲㒊㸧࡟ࢃࡓࡗ࡚ㄪᰝࡋࡓ㸬ࡲࡓ㸪⁐᥋᪋ᕤἲࡢ㐪࠸࡟ࡼࡿᶵᲔⓗ≉ᛶࡢኚ໬ࡉࡽ࡟ࡣ⁐
᥋ᛶྥୖࡢཎᅉࢆ᫂ࡽ࠿࡟ࡍࡿࡓࡵ㸪Ni㟁㗪ࡢᰕ≧ᬗࡢ⤖ᬗᡂ㛗᪉ྥ㸪⤖ᬗ⢏ᚄ㸪୙⣧≀ඖ⣲㸦◲
㯤㸧࡞࡝࡟ࡘ࠸࡚ヲ⣽࡟ㄪᰝࡋࡓ㸬 
 
㻞㻚㻌ヨ㦂ෆᐜ䛸⤖ᯝ㻌
㻞㻚㻝㻌 ᴫせ㻌
Ni㟁㗪ᮦࡢᘬᙇ≉ᛶࡢ␗᪉ᛶࢆㄪᰝࡍࡿࡓࡵ࡟㸪ᨵၿ๓ᮦ࡜ᨵၿᮦࢆᑐ㇟࡟ࡋ࡚㸪EBSP㸦ᚋ᪉
ᩓ஘㟁Ꮚᅇᢡീ㸧࡟ࡼࡿ㟁㗪ᰕ≧ᬗࡢ⤖ᬗ᪉఩ゎᯒࢆᐇ᪋ࡋࡓ㸬ຍ࠼࡚㸪ᨵၿ๓ᮦ࡜ᨵၿᮦࡢ⁐
᥋⥅ᡭ㸦⇕ᙳ㡪㒊㸪೺඲㒊㸧ࡼࡾษฟࡋࡓTEMࢹ࢕ࢫࢡࢧ࢖ࢬࡢヨ㦂∦㸦┤ᚄ3mm㸪ᯈཌ0.25mm㸧
ࢆ⏝࠸࡚ࢫ࣮ࣔࣝࣃࣥࢳ㸦SP㸧ヨ㦂ࢆᐊ ࡜ᾮయ❅⣲ ᗘ㸦㸫196Υ㸧࡟࡚ᐇ᪋ࡋ㸪୧ᮦࡢ⥅ᡭ
ᙉᗘศᕸࢆㄪᰝࡋࡓ㸬౪ヨᮦ࡜ࡋ࡚㸪4✀㢮ࡢNi㟁㗪ᮦࡢ㟁Ꮚࣅ࣮࣒㸦EB㸧⁐᥋⥅ᡭࣈࣟࢵࢡ㸦ᨵ
ၿ๓ᮦ㸪TP11㸦90°㸧㸪TP12㸦0°㸧㸪TP16㸦45°㸧㸧࡜㸯✀㢮ࡢ⇕஺∦ࢆ⏝࠸ࡓ㸬ᨵၿ๓ᮦࡣ㸪EB
⁐᥋ࡢ㝿࡟๭ࢀࡀධࡗࡓึᮇࡢNi 㟁㗪ࡢ⁐᥋⥅ᡭᮦ࡛࠶ࡿ㸬TP11㸦90°㸧㸪TP12㸦0°㸧࠾ࡼࡧTP16
㸦45°㸧ࡣ㸪ࡑࡢᚋࡢᨵⰋ࡟ࡼࡾ⁐᥋ᛶࢆྥୖࡉࡏࡓNi㟁㗪࡜Incoࡢ⁐᥋⥅ᡭᮦ࡛࠶ࡾ㸪ࡑࢀࡒࢀ
㟁㗪✚ᒙ㠃࡜⁐᥋ࡢ⁐⼥⥺ࡢゅᗘࡀ90°㸪0°㸪45°࡜࡞ࡿࡼ࠺࡟⁐᥋᪋ᕤࡋ࡚࠸ࡿ㸬ࡲࡓ㸪ẚ㍑ࡢ
ࡓࡵ࡟ู㏵〇㐀ࡋࡓ⇕஺᥮ჾ∦㸦Cu-Ni㸧౑⏝ࡋࡓࡀ㸪ࡇࢀࡣ㖡ୖ࡟Niࢆ㟁㗪ࡋࡓヨᩱ࡛࠶ࡿ㸬 
 
㻞㻚㻞㻌 㻱㻮㻿㻼 ศᯒ㻌
EBSPศᯒࡣᨵၿᮦ㸦TP12㸦0°㸧㸧࡜ᨵၿ๓ᮦ࠿ࡽEBSPศᯒ⏝ヨᩱࢆษࡾฟࡋ㸪㟁㗪㠃㸦㟁㗪
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Ⓧጀᣇะ㧕ߣᐔⴕߥ㕙ࠍಽᨆߒߚ㧚ಽᨆߪ㧘Philips⵾XL-30SFEG㧘࠹ࠢ࠮ࡓ࡜ࡏ࡜࠻࡝࡯࠭⵾OIM
ࠪࠬ࠹ࡓ㧔Ver.4.0㧕ࠍ↪޿㧘ടㅦ㔚࿶15kV㧘᷹ቯࠛ࡝ࠕ90×90ȝm㧘᷹ቯ㑆㓒0.3ȝm/ࠬ࠹࠶ࡊߩ᧦
ઙߩ߽ߣታᣉߒߚ㧚 
ᡷༀ೨᧚߅ࠃ߮ᡷༀ᧚㧔TP12㧔0°㧕㧕ߩ⚿᥏☸ࡑ࠶ࡊࠃࠅ᳞߼ߚ⚿᥏☸ᓘࡅࠬ࠻ࠣ࡜ࡓࠍ࿑ 1
ߦ␜ߔ㧚ᡷༀ೨᧚ߪ⋥ᓘ 10ȝmએਅߩᲧセ⊛ዊߐߥ⚿᥏☸ߢ᭴ᚑߐࠇߡ޿ࠆߩߦኻߒߡ㧘ᡷༀ᧚
ߢ޽ࠆ TP12㧔0°㧕ߦߟ޿ߡߪ㧘10ȝmએਅߩዊߐߥ⚿᥏☸ߦട߃ߡ㧘20ȝmએ਄ߩᲧセ⊛☻ᄢߥ
⚿᥏☸߽ᄙᢙሽ࿷ߒߡ޿ࠆ㧚ᡷༀ೨᧚߅ࠃ߮ᡷༀ᧚㧔TP12㧔0°㧕㧕ߩ⚿᥏ᣇ૏⸃ᨆ⚿ᨐࠃࠅ TP12
㧔0°㧕ߪ⚿᥏߇ਥߣߒߡ৻ᣇะߦᄢ߈ߊ㈩ะߒᚑ㐳ߒߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚৻ᣇ㧘ᡷༀ೨᧚ߪ
৻ᣇะߦ㈩ะߒߡ޿ࠆ௑ะ߽⹺߼ࠄࠇࠆ߽ߩߩ㧘TP12㧔0°㧕ߦᲧߴ߆ߥࠅ࡜ࡦ࠳ࡓߢ޽ࠆߎߣ
߇ࠊ߆ߞߚ㧚 
 
  
 (a)ᡷༀ೨᧚ (b)ᡷༀᓟ㧔TP12㧔0q㧕㧕 
࿑ 1 ⚿᥏☸ᓘࡅࠬ࠻ࠣ࡜ࡓ 
 

㪉㪅㪊㩷 䊙䉟䉪䊨䊎䉾䉦䊷䉴⎬䈘⹜㛎㩷
4⒳㘃ߩEBṁធ⛮ᚻࡉࡠ࠶ࠢ㧔ᡷༀ೨᧚㧘TP11㧔90°㧕㧘TP12㧔0°㧕㧘TP16㧔45°㧕㧕ࠍ↪޿ߡ㧘
ṁⲢ✢ߦኻߒߡု⋥ߦṁⲢㇱ߆ࠄஜోㇱߦ߆ߌߡߩ⎬ߐࡊࡠࡈࠔࠗ࡞ࠍ᷹ቯߒߚ㧚᷹ቯߪ㧘᧼ෘ
ᢿ㕙ߦኻߒߡ㧘ࡑࠗࠢࡠࡆ࠶ࠞ࡯ࠬ⎬ߐ⹜㛎ᯏࠍ↪޿ߡ㧘⩄㊀10N㧘ቶ᷷ߦߡታᣉߒߚ㧚 
ಽᨆߩ⚿ᨐ㧘ᡷༀ೨᧚ߢߪṁⲢㇱ㧔130Hv⒟ᐲ㧕߇߽ߞߣ߽エࠄ߆ߊ㧘ᾲᓇ㗀ㇱ㧔190Hv⒟ᐲ㧕
ߢ߽ߞߣ߽⎬ߊߥߞߡ޿ߚ㧚ᡷༀ೨᧚ߩஜోㇱߩ⎬ߐߪᄙዋࡃ࡜࠷ࠠ߇⷗ࠄࠇߚ߇160Hv⒟ᐲߢ
޽ࠆ㧚TP11㧔90°㧕ߪṁⲢㇱ㧔190Hv⒟ᐲ㧕߇߽ߞߣ߽⎬ߊߥߞߡ߅ࠅ㧘ᾲᓇ㗀ㇱߢߪ㧘ஜోㇱ㧔160Hv
⒟ᐲ㧕߆ࠄṁⲢ✢ߦะ߆ߞߡᓢޘߦ⎬ߐ߇ૐਅߒߡ߅ࠅ㧘߽ߞߣ߽ૐ޿ߣߎࠈߢߪ100Hv⒟ᐲߦ
ߥߞߡ޿ࠆ㧚TP12㧔0°㧕ߦߟ޿ߡ߽㧘ቯᕈ⊛ߦߪห᭽ߥ௑ะ߇⹺߼ࠄࠇࠆ㧚TP16㧔45°㧕ߦߟ޿
ߡߪ㧘⹜ᢱ߇ዊߐ߆ߞߚߚ߼ઁߩ⹜ᢱߩࠃ߁ߥో㗔ၞߩࡊࡠࡈࠔࠗ࡞ࠍ᷹ቯߢ߈ߡ޿ߥ޿߇㧘ห
᭽ߩ௑ะ߇ᓧࠄࠇߚ㧚 
 
㪉㪅㪋㩷 䉴䊝䊷䊦䊌䊮䉼䋨㪪㪧䋩⹜㛎㩷
SP⹜㛎ߪ࿑2ߦ␜ߔࠗࡦࠬ࠻ࡠࡦ⹜㛎ᯏࠍ↪޿㧘ቶ᷷߅ࠃ߮ᶧ૕⓸⚛᷷ᐲ㧔-196͠㧕ߦߡታᣉߒ
ߚ㧚⹜㛎 ߪ਄ㇱ߅ࠃ߮ਅㇱ࠳ࠗࠬߩ㑆ߦ࿕ቯߒ㧘4ᧄߩ✦߼ઃߌࡀࠫߦࠃࠅဋ৻ߦ✦߼ઃߌߚ㧚
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ࠃߦߣߎߔᶐࠍ૕ోౕಃߦߎߘ㧘ࠇ౉ࠍ⚛⓸૕ᶧߦਛߩ↉࡯ࠕࡘ࠺ߪߢ㛎⹜ߩߢਅᐲ᷷⚛⓸૕ᶧ
㧚ߚߒߣnim/mm2ߪᐲㅦ⩄⽶㧘޿↪ࠍ⃿㍑ߩmm1ᓘ⋥ߡߒߣ࡞࡯ࡏ↪ߺㄟߒ᛼㧚ߚߞⴕࠍ㛎⹜ߡߞ
 㧚ߚߒቯ᷹ࠅࠃ㔌〒േ⒖ߩ࠼࠶ࡋࠬࡠࠢ㧘ߒߣ૏ᄌ਄✢㊀⩄ߪ㊂ᒻᄌߩ 㛎⹜
㊀⩄ᄢᦨ߽ߣᢱ⹜ฦ㧘ߣࠆߔセᲧࠍേ᜼ߩߢᐲ᷷⚛⓸૕ᶧߣ᷷ቶߡ޿ߟߦㇱోஜ㧘ᨐ⚿ߩᨆಽ
߈ᄢ߇߁߶ߩߢਅᐲ᷷⚛⓸૕ᶧߦ߽ߣ߇㧕ᔕኻߦ߮િᢿ⎕㧔૏ᄌᢿ⎕߮ࠃ߅㧕ᔕኻߦᐲᒝᒛᒁ㧔
ᰳࠆࠇࠊᕁߣߚࠇߐᚑᒻߦᤨ㍌㔚ߪߊߒ߽ᤨធṁ㧘ߪߢ᧚೨ༀᡷߪᘒᒻუ⎕㧚ࠆ޿ߡߞߥߣ୯ߥ
ઃᄩਛ 㛎⹜߽ߣᢱ⹜ฦߦ߁ࠃߔ␜ߦ)a(3࿑㧘ߪߢㇱ㗀ᓇᾲ㧚ߚ޿ߡߒ↢⊒߇ࠇഀߦࠈߎߣߩ㒱
ߥ᭽ห㧚ࠆ߆ࠊ߇ߩࠆ޿ߡߒ↢⊒߇ࠇഀߥࡠࠢࡑߡߦᚲ▎ߚࠇᄖߦ߆ߕࠊࠄ߆ߎߘߪߊߒ߽߆ㄭ
⹜ߩਅ͠691-ߚ޿ߡࠇఝߦ߽ߣᕈᑧ߮ࠃ߅ᐲᒝ㧘ᣇ৻㧚ߚࠇߐኤ߽ⷰߡ޿߅ߦㇱోஜߪᘒᒻუ⎕
ࠆߔਛ㓸߇ߺߕ߭ᒰ⋧ߪ޿ࠆ޽ജᔕᒰ⋧ߚࠇ㔌ᐲ⒟mm3.0ࠄ߆ᔃਛߦ߁ࠃߔ␜ߦ)b(3࿑㧘ߪߢ 㛎
㧘ᢱ⹜ߪ㕙⎕㧘߅ߥ㧚ߚ޿ߡߒ๒ࠍᘒᒻუ⎕ߩᢱ᧚ᕈᑧߥ⊛ဳ 㧘ౖࠅ߅ߡߓ↢߇ࠇഀߡߞᴪߦ๟౞
 㧚ߚ޿ߡߒ๒ࠍუ⎕ᕈᑧౝ☸ߕߖሽଐࠅ߹޽ߦᐲ᷷㛎⹜㧘⟎૏ขណ 㛎⹜

  
 ᯏ㛎⹜ࡦࡠ࠻ࠬࡦࠗ 2 ࿑
   
  㛎⹜ߩਅ͠691- )b( ㇱ㗀ᓇᾲ)a( 
 㕙⎕ߣⷰ᭎ 㛎⹜ 3 ࿑
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㪉㪅㪌㩷 ⎫㤛฽᦭㊂䈱᷹ቯ㩷
 ⎫㤛ߩ฽᦭㊂ߪ⹜ᢱࠍ㒰Ά೷ߣߣ߽ߦṁⲢߒ SO2ߣߒߡ⎫㤛ࠍᬌ಴ߔࠆΆ὾⿒ᄖ✢ๆ෼ 㧔ᴺ౏
⒓ᬌ಴㒢⇇ 3ppm㧕ߦࠃࠅ᷹ቯߒߚ㧚᷹ቯߩ⚿ᨐ㧘ᡷༀᓟ⹜ᢱ TP12㧔0q㧕ߢߪ⎫㤛฽᦭㊂ߪᬌ
಴㒢⇇એਅߢ޽ࠆߩߦኻߒ㧘ᡷༀ೨᧚ߢߪ 260㨪270ppm߽฽߹ࠇߡ޿ࠆߎߣ߇ࠊ߆ߞߚ㧚 
 
㪉㪅㪍㩷 㪜㪧㪤㪘 ಽᨆ㩷
EPMAಽᨆߪTP12㧔0°㧕ߣᡷༀ೨᧚ߦߟ޿ߡታᣉߒ㧘㔚㍌㕙㧔㔚㍌Ⓧጀᣇะ㧕ߣု⋥ߥ㕙ࠍಽ
ᨆߒߚ㧚ಽᨆߪṁⲢ✢ㄭற㧘ᾲᓇ㗀ㇱㄭற㧘ஜోㇱߩ3▎ᚲߦኻߒߡߘࠇߙࠇⴕߞߚ㧚 
ಽᨆߩ⚿ᨐ㧘TP12㧔0°㧕ߢߪ⎫㤛ߩỚൻߪ޿ߕࠇߩ㗔ၞߦ߅޿ߡ߽ⷰኤߐࠇߥ߆ߞߚ㧚৻ᣇ㧘
ᡷༀ೨᧚ߩṁⲢ✢߅ࠃ߮ᾲᓇ㗀ㇱߩㄭறߢߪ⎫㤛ߩࡑࠢࡠ஍ᨆ߇⹺߼ࠄࠇ㧘஍ᨆ▎ᚲߦᴪߞߡᏂ
ⷞ߈ⵚ߇⊒↢ߒߡ޿ߚ㧚ߥ߅㧘ᡷༀ೨᧚ߩஜోㇱߢߪ⎫㤛ߩࡑࠢࡠ஍ᨆߪⷰኤߐࠇߥ߆ߞߚ㧚 
 
㪊㪅㩷 䉁䈫䉄㩷
Ni㔚㍌⚵❱ߩᒁᒛ․ᕈߩ⇣ᣇᕈߦ㑐ߔࠆታ㛎࡮ಽᨆߩ⚿ᨐ㧘ᡷༀ᧚㧔TP11㧔90°㧕㧘TP12㧔0°㧕㧘
TP16㧔45°㧕㧕ߩEBṁធ⛮ᚻߩᒁᒛᒝᐲ߇45°ᣇะߩᒁᒛߢ߽ߞߣ߽㜞ߊߥࠆߩߪ㧘㔚㍌⚿᥏߇৻
ᣇะߦᄢ߈ߊ㈩ะߒᚑ㐳ߒߡ޿ࠆߚ߼ߢ޽ࠆ㧚੹ᓟ㧘Ni㔚㍌ߩᯏ᪾⊛․ᕈࠍ⺞ᩏߔࠆ㓙ߦߪߘߩ
⇣ᣇᕈߦචಽᵈᗧߔࠆᔅⷐ߇޽ࠆ㧚߹ߚ㧘⎬ᐲ߇Ყセ⊛㜞߆ߞߚᡷༀ೨᧚ߩᾲᓇ㗀ㇱߪSP⹜㛎ߢ
ߩ⎕ᢿᄌ૏߇ዊߐߊ㧘ᑧᕈߦਲߒ޿ߎߣ߇ࠊ߆ߞߚ㧚 
 Ni㔚㍌᧚ߩṁធᕈߦ෸߷ߔਇ⚐‛ߩᓇ㗀ߦ㑐ߔࠆታ㛎࡮ಽᨆߩ⚿ᨐ㧘⎫㤛ߩሽ࿷⁁ᘒߣߘࠇ߇
ߤߩࠃ߁ߦᓇ㗀ߔࠆߩ߆ߦߟ޿ߡߩࡔࠠࡖ࠾࠭ࡓߪᧂߛ᣿⏕ߢߪߥ޿߇㧘ᡷༀ೨᧚ߩṁធᕈ߇ഠ
ࠆߩߪ⎫㤛฽᦭㊂߇260㨪270ppmߣᭂ߼ߡᄙ޿ߚ߼ߢ޽ࠆߣ޿߁ߎߣ߇␜ໂߐࠇߚ㧚ㅒߦ㧘⎫㤛
฽᦭㊂ࠍ3ppmએਅߦᷫࠄߔߎߣ߇ṁធᕈᡷༀߦᄢ߈ߊ❬߇ࠆߎߣ߽ࠊ߆ߞߚ㧚 
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ផㅴ♽ၮ⋚ᛛⴚ”㧘 ╙ 51࿁ቝቮ⑼ቇᛛⴚㅪว⻠Ṷળ㧘ᧅᏻ㧔2007ᐕ 10᦬ 29ᣣ㨪31ᣣ㧕㧚 
 
3) Ḵ┵৻⑲㧘᫜ᰴਗ਼ᒄ㧘᧲㊁๺ᐘ㧘Ḋ ੫ੑ㇢㧔ቶ⯗Ꮏᄢ㧕㧘“ቶ⯗Ꮏᄢߦ߅ߌࠆ⥶ⓨቝቮᯏߩၮ
⋚⎇ⓥ㧔㧟㧕ᯏ૕♽߅ࠃ߮㘧ⴕࠪࠬ࠹ࡓᛛⴚ”㧘 ╙ 51࿁ቝቮ⑼ቇᛛⴚㅪว⻠Ṷળ㧘ᧅᏻ㧔2007
ᐕ 10᦬ 29ᣣ㨪31ᣣ㧕㧚 
 
4) Ḋ ੫ੑ㇢㧘┻↰ᐢੱ㧘⷏᧛ቬ⌀㧘Ḵ┵৻⑲㧘᧲㊁๺ᐘ㧘᫜ᰴਗ਼ᒄ㧔ቶ⯗Ꮏᄢ㧕㧘ᄥ↰⼾ᒾ㧔ASI
✚⎇㧕㧘“ផㅴ♽ၮ⋚ᛛⴚ㧦ዊဳ⿥㖸ㅦᯏ↪෻ォゲᵹࡈࠔࡦߩᕈ⢻⸃ᨆ”㧘 ╙ 51 ࿁ቝቮ⑼ቇᛛ
ⴚㅪว⻠Ṷળ㧘ᧅᏻ㧔2007ᐕ 10᦬ 29ᣣ㨪31ᣣ㧕㧚 
 
5) ᧲㊁๺ᐘ㧘᧖ጟᱜᢅ㧘ዊᨋ㓉ᄦ㧘Ḋ ੫ੑ㇢㧘ਣ ␭੺㧘╣ጊኈ⾗㧘ᄢႦ㓷਽㧔ቶ⯗Ꮏᄢ㧕㧘
’㊁ 㓉㧔IHI㧕㧘ဈญ⵨ਯ㧔IHIࠛࠕࡠࠬࡍ࡯ࠬ㧕㧘“ផㅴ♽ၮ⋚ᛛⴚ㧦㧸㧺㧳ࡠࠤ࠶࠻ࠛࡦࠫ
ࡦߩࠦ࡯ࠠࡦࠣ․ᕈߦ㑐ߔࠆၮ⋚⎇ⓥ”㧘 ╙ 51࿁ቝቮ⑼ቇᛛⴚㅪว⻠Ṷળ㧘ᧅᏻ㧔2007ᐕ 10
᦬ 29ᣣ㨪31ᣣ㧕㧚 
 
6) ᧲㊁๺ᐘ㧘᧖ጟᱜᢅ㧘ዊᨋ㓉ᄦ㧘Ḋ ੫ੑ㇢㧘ਣ ␭੺㧘╣ጊኈ⾗㧘ᄢႦ㓷਽㧔ቶ⯗Ꮏᄢ㧕㧘
’㊁ 㓉㧔IHI㧕㧘ဈญ⵨ਯ㧔IHIࠛࠕࡠࠬࡍ࡯ࠬ㧕㧘“ᰴ਎ઍဳࡠࠤ࠶࠻↪Άᢱߣߒߡߩࡔ࠲ࡦ
ߩ․ᕈ”㧘 ╙ 51࿁ቝቮ⑼ቇᛛⴚㅪว⻠Ṷળ㧘ᧅᏻ㧔2007ᐕ 10᦬ 29ᣣ㨪31ᣣ㧕㧚 
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7) Ḵ┵৻⑲㧘᧲㊁๺ᐘ㧘Ḋ ੫ੑ㇢㧘ਣ ␭੺㧔ቶ⯗Ꮏᄢ㧕㧘ᣂ੗㓉᥊㧔㒋ᐭᄢ㧕㧦“㧲㨀㧮ߣߒ
ߡߩዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߩ᭴ᗐߣ੝㖸ㅦ㘧ⴕታ⸽”㧘ᐔᚑ 19ᐕᐲቝቮャㅍࠪࡦࡐࠫ࠙ࡓ㧘⋧
ᮨේ㧔2008ᐕ 1᦬ 28ᣣ㨪29ᣣ㧕㧚 
 
8) Ꮏ⮮ ៺⡍㧘᫜ᰴ ਗ਼ᒄ㧘Ḵ┵ ৻⑲㧘ਣ ␭੺㧘╣ጊ ኈ⾗㧘᪀↰ ⠹᣿㧔ቶ⯗Ꮏᄢ㧕㧘ᣂ੗ 㓉᥊㧘
ᬮ੉ ᜏ਽㧘ਭ଻ ⦟੺㧔㒋ᐭᄢ㧕㧘ဝ੗ િᐘ㧔JAXA/ISAS㧕㧘“ዊဳ⿥㖸ㅦ㘧ⴕታ㛎ᯏߩⓨജ⸳
⸘ߣⓨജᕈ⢻⹏ଔ”㧘ᐔᚑ 19ᐕᐲቝቮャㅍࠪࡦࡐࠫ࠙ࡓ㧘⋧ᮨේ㧔2008ᐕ 1᦬ 28ᣣ㨪29ᣣ㧕㧚 
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⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷䈱ᡰេ䈮䉋䉍 㪉㪇㪇㪎 ᐕᐲ䈮ታᣉ䈚䈢⻠Ṷળ䈍䉋䈶䉶䊚䊅䊷㩷
 
㪈㪅㩷㪡㪘㪯㪘 䈫䈱ㅪ៤ᄢቇ㒮䈱ቴຬᢎຬ䈮䉋䉎⻠Ṷ䊶䉶䊚䊅䊷㩷
 
㧝㧕㗴⋡㧦ޟᭂ⿥㖸ㅦផㅴࠪࠬ࠹ࡓ․⺰ޠ 
ౝኈ㧦JAXAߦ߅ߌࠆᭂ⿥㖸ㅦᯏ㧛ᭂ⿥㖸ㅦࠛࡦࠫࡦߩ⎇ⓥ㐿⊒ޔ 
߅ࠃ߮㕒☽⿥㖸ㅦ⎇ⓥᯏߩ⎇ⓥ㐿⊒ 
⻠Ꮷ㧦↰ญ⑲ਯቴຬಎᢎ᝼㧔⁛┙ⴕ᡽ᴺੱቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ 
⥶ⓨࡊࡠࠣ࡜ࡓࠣ࡞࡯ࡊ ⿥㖸ㅦᯏ࠴࡯ࡓ ⎇ⓥຬ㧕 
ᣣᤨ㧦7᦬ 20ᣣ㧔㊄㧕12:55㨪14:25㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 4ᐕᰴޟࡊ࡟࠯ࡦ࠹࡯࡚ࠪࡦᛛᴺޠߣㅪ៤㧕 
႐ᚲ㧦C208⻠⟵ቶ 
 
㧞㧕㗴⋡㧦ޟᭂ⿥㖸ㅦផㅴࠪࠬ࠹ࡓ․⺰ޠ 
ౝኈ㧦ࠛࠕࡉ࡝࡯ࠫࡦࠣࡉ࡝࡯ࠫࡦࠣផㅴᭂ⿥㖸ㅦᯏ⸳⸘ 
⻠Ꮷ㧦⥰↰ᱜቁቴຬᢎ᝼㧔⁛┙ⴕ᡽ᴺੱቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ ✚วᛛⴚ⎇ⓥᧄㇱࡈࠚࡠ࡯㧕 
ᣣᤨ㧦10᦬ 25ᣣ㧔ᧁ㧕10:25㨪11:55 
11᦬ 29ᣣ㧔ᧁ㧕10:25㨪11:55 
1᦬ 17ᣣ㧔ᧁ㧕10:25㨪11:55 
㧔޿ߕࠇ߽ᄢቇ㒮ඳ჻೨ᦼ⺖⒟ᯏ᪾ࠪࠬ࠹ࡓᎿቇኾ᡹ޟផㅴᎿቇ․⺰ޠ㧔᫜ᰴᢎ᝼㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
 
㪉㪅㩷㪚㪩㪛 ቴຬᢎ᝼䈮䉋䉎⻠Ṷ䊶䉶䊚䊅䊷㩷
 
㧝㧕㗴⋡㧦ޟήੱ⥶ⓨᯏ㧔Unmanned Aerial Vehicle: UAV㧕ߩ⎇ⓥ㐿⊒ߦߟ޿ߡޠ 
⻠Ꮷ㧦ㄖᏆ ⮍ ቴຬᢎ᝼㧔ਃ⪉㔚ᯏࢃ ㎨ୖ⵾૞ᚲ㧕 
ᣣᤨ㧦6᦬ 5ᣣ㧔Ἣ㧕8:45㨪10:25 
㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 4ᐕᰴޟ⥶ⓨቝቮᯏ⸳⸘ᴺޠ㧔Ḵ┵ಎᢎ᝼㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
 
㧞㧕㗴⋡㧦ޟቝቮ೑↪ಽ㊁ߦ߅ߌࠆᾲ೙ᓮᛛⴚޠ 
⻠Ꮷ㧦੹੗ ⦟ੑ ቴຬᢎ᝼㧔ᩣᑼળ␠㧵㧴㧵 ၮ⋚ᛛⴚ⎇ⓥᚲ ᾲᵹ૕⎇ⓥㇱ ⺖㐳㧕 
ᣣᤨ㧦6᦬ 25ᣣ㧔᦬㧕12:55㨪14:25㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 3ᐕᰴޟવᾲᎿቇޠ㧔ጯᶉᢎ᝼㧕ߣㅪ៤㧕 
႐ᚲ㧦A304⻠⟵ቶ 
 
㧟㧕㗴⋡㧦ޟቝቮផㅴ♽ߦ߅ߌࠆᾲ໧㗴㧙ࡠࠤ࠶࠻࡮ੱᎿⴡᤊߩΆᢱ࠲ࡦࠢߩᾲ໧㗴ߦߟ޿ߡ㧙ޠ 
⻠Ꮷ㧦੹੗ ⦟ੑ ቴຬᢎ᝼㧔ᩣᑼળ␠㧵㧴㧵 ၮ⋚ᛛⴚ⎇ⓥᚲ ᾲᵹ૕⎇ⓥㇱ ⺖㐳㧕 
ᣣᤨ㧦10᦬ 1ᣣ㧔᦬㧕16:15㨪17:45㧔CRD࠮ࡒ࠽࡯ߦߡ㧕 
㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 3ᐕᰴޟផㅴᎿቇޠ㧔ᑝ↰⻠Ꮷ㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
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㧠㧕㗴⋡㧦ޟዊဳήੱ⥶ⓨᯏߩ⺃ዉ೙ᓮߦߟ޿ߡޠ 
⻠Ꮷ㧦ㄖᏆ ⮍ ቴຬᢎ᝼㧔ਃ⪉㔚ᯏࢃ ㎨ୖ⵾૞ᚲ㧕 
ᣣᤨ㧦10᦬ 23ᣣ㧔Ἣ㧕 12ᤨ 55ಽ㨪14ᤨ 25ಽ 
㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 3ᐕᰴޟⓨ᳇ജቇޠ㧔᧖ጊᢎ᝼㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
 
㧡㧕㗴⋡㧦ޟቝቮⅣႺ೑↪㧔ᓸዊ㊀ജ㧕ߦ߅ߌࠆᵹ૕‛ℂ⎇ⓥߩ᭎ⷐޠ 
⻠Ꮷ㧦੹੗ ⦟ੑ ቴຬᢎ᝼㧔ᩣᑼળ␠㧵㧴㧵 ၮ⋚ᛛⴚ⎇ⓥᚲ ᾲᵹ૕⎇ⓥㇱ ⺖㐳㧕 
ᣣᤨ㧦1᦬ 21ᣣ㧔᦬㧕16:15㨪17:45㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 3ᐕᰴޟផㅴᎿቇޠ㧔ᑝ↰⻠Ꮷ㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
 
㧢㧕㗴⋡㧦ޟήੱ㘧ⴕᯏ㧔UAV㧕ߩᦨᣂേะޠ 
⻠Ꮷ㧦ㄖᏆ ⮍ ቴຬᢎ᝼㧔ਃ⪉㔚ᯏࢃ ㎨ୖ⵾૞ᚲ㧕 
ᣣᤨ㧦3᦬ 3ᣣ㧔Ἣ㧕 14ᤨ 30ಽ㨪16ᤨ 00ಽ 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
 
㪊㪅㩷 䈠䈱ઁ䈱⻠Ṷળ㩷
 
㧝㧕㗴⋡㧦ޟ⥶ⓨቝቮߪ⑼ቇᛛⴚࠍ‧ᒁߔࠆޠ㧔ᢎ⡯ຬኻ⽎㧕 
⻠Ꮷ㧦ਭ଻↰ ᒄᢅ వ↢㧔Ꮲ੩ᄢቇℂᎿቇㇱᢎ᝼ޔ᧲੩ᄢቇฬ⹷ᢎ᝼㧕 
ᣣᤨ㧦5᦬ 23ᣣ㧔᳓㧕16:00㨪17:30 
႐ᚲ㧦S301ቶ 
 
㧞㧕㗴⋡㧦ޟ⿥㖸ㅦ⥶ⓨᯏߩⅣႺ⺖㗴ޠ 
⻠Ꮷ㧦ਭ଻↰ ᒄᢅ వ↢㧔Ꮲ੩ᄢቇℂᎿቇㇱᢎ᝼ޔ᧲੩ᄢቇฬ⹷ᢎ᝼㧕 
ᣣᤨ㧦5᦬ 25ᣣ㧔㊄㧕13:00㨪14:30㧔ᯏ᪾ࠪࠬ࠹ࡓᎿቇ⑼ 4ᐕᰴޟࡊ࡟࠯ࡦ࠹࡯࡚ࠪࡦᛛᴺޠߣㅪ៤㧕 
႐ᚲ㧦S201ቶ 
 
㧟㧕㗴⋡㧦ޟ⴫㕙ᒛജߣᲧ㊀Ꮕߦ㚟േߐࠇࠆᶧ૕ߩᵹേ੍᷹㧔ࡠࠤ࠶࠻㧛ੱᎿⴡᤊߩᶧ૕ផㅴ⮎▤
ℂ㧕ޠ 
⻠Ꮷ㧦ᆢ㊁ ᱞᵗ ⻠Ꮷ㧔᧲੩ᄢቇᄢቇ㒮⥶ⓨቝቮᎿቇኾ᡹㧕 
ᣣᤨ㧦1᦬ 24ᣣ㧔ᧁ㧕 10:25㨪11:55 
㧔ᄢቇ㒮ඳ჻೨ᦼ⺖⒟ᯏ᪾ࠪࠬ࠹ࡓᎿቇኾ᡹ޟផㅴᎿቇ․⺰ޠ㧔᫜ᰴᢎ᝼㧕ߣㅪ៤㧕 
႐ᚲ㧦S201࠮ࡒ࠽࡯ቶ 
ᐊ⹒ᕤᴗ኱Ꮫ⯟✵Ᏹᐂᶵࢩࢫࢸ࣒◊✲ࢭࣥࢱ࣮ ᖺḟሗ࿌᭩ 2007
2008ᖺ 9᭶Ⓨ⾜
⦅㞟㸸ᅜ❧኱Ꮫἲேᐊ⹒ᕤᴗ኱Ꮫ ⯟✵Ᏹᐂᶵࢩࢫࢸ࣒◊✲ࢭࣥࢱ࣮
Ⓨ⾜㸸ᅜ❧኱Ꮫἲேᐊ⹒ᕤᴗ኱Ꮫ ⯟✵Ᏹᐂᶵࢩࢫࢸ࣒◊✲ࢭࣥࢱ࣮
ࠛ050-8585 ᐊ⹒ᕷỈඖ⏫ 27␒ 1ྕ
TEL/FAX: 0143-46-5316 
E-mail: tana@mmm.muroran-it.ac.jp 
URL: http://www.aprec.muroran-it.ac.jp/ 
